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i.  Exposure  to  the  day-to-day  aansgerial  techniques 
utilned  by  a  consulting  anginas  ring  fir*.  I 
aaaiatad  tha  technical  chiefs  of  the  fira  in  the 
quality  control  review  of  a  proposed  expansion  of 
the  Sugarland,  Texas  Wastewater  Treataent  Flant 
and  the  Kerrville  Water  Treataent  Plant. 

'.'nf  or tunate  ly ,  I  was  unable  to  attend  any  upper 
level  xanageaent  xeetings  within  the  coapany. 

4.  Expanded  professional  development  as  ar.  Air  Force 
vivil  Engineering  Officer.  I  definitely  developed 
ar.  appreciation  for  the  consulting  engineer's 
point  of  view  ;r.  his  relationships  with 
joverr.aental  agencies. 

Increased  insight  into  the  aanagesttnt  if  a  large 
ratei  of  er  g  i  near  ir.g  personnel. 

*i  tiae  w;tr.  T.ner  oilie  •  Braden  Inc.  was  ®y 


satisfying  educations,  experience, 
am.  enhanced  .ay  leve.opaert  as  an 
near ir  j  f  f i ce  t . 
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airport  located  in  northwestern  Harris  County  to  meet  loca 
aviation  requirements. 

The  study  (was  also  to)  determine  the  extent,  type, 
and  nature  of  airport  development  required  to  meet 
forecasted  aviation  demands  in  the  northwest  Harris 
County  area  within  the  short,  median,  and  long-range 
time  frames  of  5,  10,  and  20  years,  respectively. 

Alternative  airport  sites  (were  to  be)  investigated 
with  special  consideration  given  to  David  Wayne  Hooks 
Memorial  Airport,  located  on  Stuebner  Airline  Road 
near  the  intersection  with  Spring  Cypress  Road.  The 
investigation  of  alternative  sites  (was  to  be) 
restricted  generally  to  the  area  in  northwest  Harris 
County  bounded  by  L’.S.  Highway  290  and  Interstate 
Highway  45.  (1) 

The  study  was  to  be  in  two  phases:  Phase  I,  Site 
Selection,  which  culminated  in  an  interim  report  is 
Appendix  A  of  this  internship  report.  This  Phase  involved 
the  following  tasks:  Airport  Demand  and  Activity  Projec¬ 
tions,  Determination  of  Facility  Requirements,  Engineering 
Evaluation  of  David  Wayne  Hooks  Memorial  Airport,  Site 
Evaluation  and  Selection,  Environmental  Review  and  Evalua¬ 
tion,  Preparation  of  Interim  Report.  Supplementary 
comments  on  Phase  I  cf  the  Airport  Master  Plan  are 
incorporated  below. 

Phase  II,  the  Economic  Feasibility  and  Development 
Program,  is  included  next  in  the  body  of  this  internship 


report. 
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Phase  I:  Deirana  and  Activity  Prefect  ions 

The  demand  and  activity  projections  were  prepared 
based  upon  a  forecast  developed  ty  TCB  for  all  of  Harris 
County  in  June  of  1977. 

This  document,  entitled  Review  and  Refinement  of  the 
Regional  Airport  -  Airspace  System  Plan  Forecasts  ( 2 ) , 
projected  aircraft  numbers  for  the  nine  subareas  of  the 
county.  The  scope  of  the  Master  Plan  which  I  was  to 
prepare  was  limited  to  only  the  three  western  and  north¬ 
western  subareas.  It  was  necessary  to  allocate  the  air¬ 
craft  forecasted  for  the  aforementioned  three  subareas  to 
the  ex: sting  airports  in  the  region.  This  task  required 
some  judgment  since  certain  intangible  factors  had  to  be 
considered.  For  example,  the  majority  of  aircraft  owners 
basing  aircraft  to  the  west  and  northwest  of  Houston  prefer 
to  be  located  at  Lakeside  Airport  in  the  western  area  of 
the  county  due  to  proximity  to  the  city.  Unfortunately, 
the  facilities  at  Lakeside  are  not  adequate  to  handle  the 
total  projected  demand.  Accordingly,  some  of  the  aircraft 
that  would  want  Lakeside  basing  "spill  over*  to  David  Wayne 
Hooks  Memorial  Airport  (Hooks)  northwest  of  Houston. 
Tempering  the  above  consideration  is  the  need  to  account 
for  a  reasonable  amount  of  improvements  to  Lakeside  over 
the  20-year  period  of  the  study.  The  percentage  projec¬ 
tions  shown  in  Table  I  represent  an  allocation  of  projected 
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aircraft  to  western  and  northwestern  Harris  County 
considering  Doth  user  preference  and  facility  requirements. 


TABLE  I 

Allocation  of  Aircraft  to  Western  and  Northwestern 
Harris  County  (Percent) 


1982 

1987 

1997 

Western  Harris  County 

36.5 

43.3 

44.4 

Northwestern  Harris  County 

63.5 

56.7 

55.6 

With  the  percentages  of 

Table  I 

determined,  a 

more 

detailed  breakout  for  Hooks 

could  be 

estatl ished. 

See 

Table  2  of  Appendix  A.  The  division  of  the  total  number 
of  planes  for  1982,  1987,  and  1997  reflects  the  following 
assumptions : 

1.  The  trend  towards  larger,  more  sophisticated 
business  aircraft  will  continue. 

2.  The  twenty-year  period  of  the  study  will  see 
higher  percentages  of  turbine  powered  airplanes. 

3.  The  trend  of  reduction  of  percr  tage  of  aircraft 
in  the  small,  single-engine  category  will 
continue.  This  assumption  is  tempered  somewhat 
by  the  expected  sustained  growth  of  the  flying 
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schools  at  Hooks.  These  schools  use  primarily 
single-engine  aircraft. 

4.  Multi-engine  piston  planes  will  stay  at  approxi¬ 
mately  the  same  percentage  over  the  next  20  years. 
The  aDove  assumptions  represent  a  compromise  between 
national  and  local  trend  data. 

Phase  I:  Determination  of  Facility  Requirements 
In  this  section  of  the  Phase  I  report  I  attempted  to 
specify  what  facilities,  landside  ar.d  airside,  would  be 
reqjired  to  accommodate  the  forecasted  numbers  of  aircraft 
for  nor  tr.  west  err.  Harris  lounty.  The  square  footage  figures 
)  l  ver.  f  nr  tr.e  lar.dside  facilities  in  Appendix  A  represent 
pr-dent  planning  vai-.es  ar.d  are  Dased  upon  the  firm's  past 
experience  with  jer.eral  aviation  airports.  The  airside 
facilities  that  I  recommended  are  consistent  with  FAA 
regulations  i'r  tr.e  types  of  aircraft  forecasted  over  the 
period  of  the  study. 

Phase  I;  Engineering  Evaluation  of  Hooks  Airport 
Harr.s  County  had  designated  Hocks  airport  as  the 
"facility  of  primary  interest*  in  the  Master  Plan  in 
anticipation  of  possible  County  acquisition  of  the  Hooks 
property.  Accordingly,  the  County  had  requested  that  TCB 
accomplish  an  Engineering  Evaluation  of  Hooks.  In  order 
to  accomplish  this  tas;:  I  made  two  trips  to  Hooks.  The 
intent  of  the  survey  was  to  determine  the  condition  of  the 


facilities  at  the  airport  and  to  ascertain  if  expansion  to 
handle  the  projected  increase  in  general  aviation  demand 
was  technically  feasible.  Table  9  of  Appendix  A,  the 
capacity  analysis  for  the  airport,  was  prepared  in 
accordance  with  Techniques  for  Determining  Airport  Airside 
Capacity  and  Delay,  a  document  issued  as  National  Technical 
Information  Service  Report  AD-A032475  in  June  1976  by  the 
U.S.  Department  of  Commerce.  The  analysis  showed  that 
Hooks  would  be  inadequate  in  its  present  configuration  to 
handle  the  forecasted  increase  in  operations  by  around 
1986.  As  noted  in  Appendix  A,  I  determined  that  expansion 
at  Hooks  was  technically  feasible. 

Phase  I:  Site  Selection 

In  this  part  of  the  Phase  I  report  I  presented  TCB's 
evaluation  of  various  alternative  sites  in  Northwestern 
Harris  County  for  the  reliever  airport.  The  County,  as 
noted  in  the  last  section,  had  designated  Hooks  airport 
to  be  of  primary  interest  in  the  Master  Plan.  However, 
several  other  areas  had  to  be  considered  in  the  event 
that  Hooks  proved  to  be  unacceptable.  Appendix  A 
delineates  criteria  used  to  compare  each  proposed  site 
for  the  facility.  The  outcome  of  this  particular  section 
of  the  report  was  the  selection  of  Hooks  as  the  best 
airport  location. 
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new  r  ..  n.way  .  > 

Assumption  4  was  ta  sea  -P"  * '  •*  .a-'  »ii»: 

with  general  aviatim  fac;..*ies.  ia'a  r “ 

fcr  Hocks. 

As  sump  t  i  or  5  was  needed  t  r  *  r  *■  l.rorat*  •  m  : 1  1. 

tion  that  will  oe  e  xp . a  i  ne  d  .  iter  .  -  t .  s  : » p  r  *  .  i 

separate  approach  trao*  was  -eves  sar ..  :  1  :  -  s  -  :  .n* 

landings. 

Assufr.pt  1  or.  6  was  cased  up.-  r  tr.e  w .  :  r  ;s«-  r 

prevailing  winds  for  He  ;ks.  App rcxi-ate  .  .  4  :  oet  .•*••  * 
the  time  winds  are  from,  tr.e  sc  -  tr.  arc  . „  • :  •  r. 

time  from  the  north. 

In  conjunction  wit  r  tr.e  arc-  e  asi^mp-;  -  s ,  ;  j.s 

to  estimate  the  approximate  ground  tra:»s  t^a'-  tre  a.r 
would  reasonably  oe  expected  to  fol.ow  *-*  r.*.r', 
Since  Hooks  is  currently  ar.  ^ncortro..ei 
current  tracks  followed  at  the  airpcr*  ore  w .  re .  .  .ar  . 
The  tracks  finally  selected  ar.d  depicted  in  Appenj.x  - 
(Exhibits  Al  and  A2)  represent  typical  traces  for  t-e 
controlled  general  aviation  facility  tr.at  Hocks  wou.f 
become  if  the  County  assumed  ownership. 
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Wnr,  respect  to  the  air  quality  analysis,  the  "cox 
model"  approach  recommended  by  the  FAA  for  smaller  airper 
s  jeh  as  Hooks  assumes  that  each  aircratt  utilizing  tr.e 
runway  emits  pollutants  into  a  box  of  specified  dimension 
The  leve.  of  pollution  is  linked  to  the  number  of  peak 
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tr  j*.  I  ;tl  !  :-!■«.>:  ?.t  H  . 

The  ;  •  x  *  i  iir  .  .  :  *  r  *  j  . '  .  jr  exje.j.e't  ’c  ir  .* 

*t  ?  •  «.  :*j  nk*  :  ..  t  e  t  :  j.u-u!' 

4-erat  t.  r.  .•».  r,t  -it.ra’.'  ,  t :  r<  .  -jr>s  it  ,tas* 

rtf  quest  x  -a;  »■.■>-’}  ’  i  r  .  Tr  ••  mode .  ;r*s-me?  that 

•  i  n  J  .'e.Lv.tj  ,  *r  .  rp  .1  *  art  c  t.s.  k-rat;  .n  ;  r  t  .*  *  : .  a;  er  - .  • 
f  ;  rtari-.a'.1  -  ,  .  •  r :  •  :  .. *  ;  s  a  ;  nr  t  art  .re  meter  p«.  r 
second.  Tr.  i  s  wind  re  1  oc  1  ty  is  intended  to  sirjiate  a 
"worst  case"  .  t  r.e  3  r  :tr.  wind  sj.ee  1  s  it  cat  inn.  I  iiaer 
tre  FAA  a  tec-  the  r.e  re  ter  t  er  second  velocity.  Appen¬ 
dix  contains  tr  e  ?  A  A  ’  s  response  which  indicates  tr.at  tr.e 
FAA  r  as  r.-  ;  nf  cr  ra  t  1  or  or  the  wind  velocity  assumpt  1  dr. 
Despite  tr.e  FAA's  answer,  I  felt  that  the  snail  n jr.be r  of 
LTO's  at  Hocks  would  not  cause  significant  adverse  environ¬ 
mental  impact  upon  the  surrounding  area. 

Phrase  I: _ Summary  and  Conclusions 

In  the  conclusion  to  the  interim  report  I  recommend 
that  public  acquisition  of  Hooks  net  be  made.  Although  the 
airport  would  make  an  excellent  reliever  facility  from  an 
environmental  and  technical  standpoint,  the  economic 


feasit  ili?;  j.xjuii  :ni  H-.oAs  Mas  q  jest  ion*t  ie .  (  ! 

adores?  t  r  ♦.  '.  sti  .  t  aunty  ac  : ..  is  1 1  i<  n  of  Hecks  :r.  the 

r.t  «t  sect  ic  r.  •;  t  tris  ;rt«rnsl.i(.  report.  )  Furthermore , 
cy  the  time  I  had  completed  the  intern,  report,  Harris 
Jounty  officials  nad  advised  TCB  that  they  preferred 
Lakes  lie  Airport  t  •  *  west  of  Houston  and  c.oser  to 
Houston  as  tr.e  site  *  trie  reliever  airport.  I  did 
recommend  tr.at  county  acquisition  oe  seriously  reconsidered 
if  it  secam.e  e-.  iden.t  that  Hocks  would  have  tc  close  fer 
seme  reason. 

Phase  II:  Economic  Peas  1  til  1 1 v  and  Development 
Program  -  Introduction 

Ever  trough  Harris  County  had  indicated  a  preference 
::r  Lake  r. :  de  site  their  decision  was  oy  no  "'ear.*  final. 

Cor.p  let  icr.  cf  Phase  II  tc  tne  Airport  Master  Plan  for 
Northwestern  Harris  County  was  important  not  only  tc 
satisfy  TCB's  contractual  commitment  Cut  also  tc  provide 
valuable  information  :n  the  event  that  public  acquisition 
of  Lakeside  became  ur.  f  ear. :  c  le  .  Tasks  included  in  this 
Phase  of  the  Master  Flan  involved  preparation  of  1'  Airport 
Plans,  2)  a  Development  Schedule  of  Proposed  Improvements, 
3)  an  Economic  Feasibility  and  Financing  Man,  and  4)  an 
Environmental  Impact  Assessment  Report. 
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Phase  II:  Airport  Plans 

The  airport  plans  required  by  the  FAA  in  a  Master  Plan 
include  an  Airport  Layout  Plan  (ALP),  a  Land-Use  Plan,  an 
Access  Plan,  and  an  Aerial  Zoning  Map.  The  ALP  was 
incorporated  into  the  Phase  I  interim  report  and  is 
included  in  Appendix  A.  The  other  three  plans  are  Figures 
2,  3,  and  4  of  this  internship  report. 

Phase  1 1  Development  Schedule 

Table  VI  is  the  development  schedule  of  proposed 
improvements  for  Hooks  airport.  The  schedule  allows  for 
an  orderly  expansion  of  the  facilities  at  Hooks  to 
accommodate  the  projected  increased  demand  over  the  period 
of  the  Master  Plan.  Naturally,  Table  VI  reflects  those 
.mprovenents  necessary  assuring  that  Harris  County  were 
*:o  acquire  the  airport. 

Phase  I Economic  Feasibility  and  fjnuncir.e  PI  ar. 

The  purpose  of  this  section  cf  tr-.e  Airport  Master  Plan 
is  to  evaluate  the  economic  feasicili^y  c:  trie  proposed 
development  at  Hooks.  This  task  is  undertaker,  to  er.sure- 
that  the  airport  operation  would  be  "self  sufficient," 
that  is,  the  necessary  revenues  to  recover  tr.e  total  cost 
of  operating  the  airport  are  collected  from  the  users 
tr.e  airport  and  not  from  the  taxpayers  cf  Harris  lounty. 


SB- 
Ki 


THE  AERIAL  CONTOURS  ILLUSTRATE  THE  HEIGHT 
LIMITATIONS  WITHIN  EACH  ZONE 

A  SLOPE, SUCH  AS  20  1.  EXPESSES  THE  HORIZONTAL 
DISTANCE  OF  20  FEET  TO  THE  VERTICAL  DISTANCE 
OF  I  FOOT 

EXISTING  TOPOGRAPHIC  SYMBOLS  ARE  THOSE  USED 
BY  THE  US  GEOLOGICAL  SURVEY 

THE  NORTH  CENTRAL  AIR  STATE  GRID  SYSTEM 
IS  USED 


LEGEND 


ULTIMATE  RUNWAY 
ZONE  BOUNDARIES 
TOPOGRAPHIC  CONTOURS 
AERIAL  CONTOURS 
MEDIUM  DUTY  ROAD 
LIGHT  DUTY  ROAD 
UNIMPROVED  DIRT  ROAD 
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TABLE  VI 

Airport  Development  Schedule,  D.  W. 

Hook s  V.err.o rial  Airport 

First  Phase  Improvements  (19^8-1982) 

19  3_o 

«  Overlay  existing  airport  paver, ent  where  needed. 

o  Construct  general  aviation  hangars  to  accommodate 
4?  additional  aircraft. 

a  Construct  apron  area  and  runway  access  taxiway. 

a  Install  security  fencing. 

a  Install  visual  aids. 

o  Extend  taxiway  parallel  to  existing  runway. 

o  Demolish  existing  oarn. 

o  Remove  existing  taxiway  pavement  and  road  where 
indicated  on  Airport  Layout  Plan. 

o  Acquire  undeveloped  adjacent  lar.c  and  cut  a  in 

easements,  approximately  "T52  acres  for  new  runway 
and  clear  zones. 

o  Fill  and  level  lake  tc  provide  runway  safety  area. 

i9ei 

3  Construct  general  aviation  hangars  to  accommodate 
28  additional  aircraft. 

1982 

°  Construct  general  aviation  hangars  to  accommodate 
33  additional  aircraft. 

Second  Phase  Improvements  (1983-1987) 

o  Construct  6,000  foot  parallel  runway  with  associat 
ta  x iwav s . 

o  Install  precision  approach  navigational  and  v.suai 
aids. 


TABLE  VI  (continued) 


o  Construct  general  aviation  hangars  to  accomrroda te 
35  additional  aircraft. 

o  Construct  crash,  fire,  ar.d  rescue  building. 

Third  Phase  Improvements  (1988-1997) 

o  Construct  general  aviation  hangars  to  accommodate 
50  additional  aircraft. 

The  cash  flows  necessary  to  determine  the-  economic 
feasibility  of  the  airport  include: 

o  Capital  expenditures  for  improvements, 
o  Annual  operation  and  maintenance  (C&M)  expenses, 
o  Annual  operating  revenues. 

The  above  quantities  are  estimated  using  available  data  on 
construction  costs  for  capital  improvements  and  information 
from  the  current  owner  cf  the  airport  as  well  as  historical 
trends  for  Q&M  expenses  and  revenues.  Each  of  the  amove 
inputs  is  discussed  separately,  in  detail  in  the  paragraphs 
to  follow. 

Capital  expenditures  arc-  divided  into  three  stages  - 
1978-1982,  1983-1987,  and  1988-1997.  Tables  VII  through  IX 
depict  the  capital  improvements  with  estimated  costs  for 
each  stage  of  the  twenty  year  study  period.  A  seven 
percent  inflation  factor  has  been  applied  to  each  cost 
estimate.  Fund  sources  for  development  include  federal 
and  state  grants,  bonds,  and  operating  revenues.  These 
sources  are  discussed  later  in  this  financing  plan. 


TABLE  VI! 


Capital  ’ixpenditur*:.'.  First  Fr  j'M  \r*~ . 
L.  W.  Hooks  Horror  lal  Airp*  rt 


Landside  Facilities 


Additional  General  Aviation  Hangar 
Construct  ion 

Construct  New  Apron  Area 
Install  Security  Fencing 
Demolish  Existing  Barn 
Fill  and  Level  Lake  to  Northeast  cf 
Existing  Runway 

Subtotal  Landside  Facilities 

Airs  lde  F  a  cilj  ties 

Overlay  Airport  Pavement 
Install  Visual  Aids 

Extend  Taxiway  Parallel  to  Existing  Runway 
Remove  Existing  Taxiway  where  Designated  on 
airport  Layout  Plan 

Subtotal  Airside  Facilities 


$1,040, 000 
380,000 
292,000 
15,000 

418 , 000 

$2, 145,000 


$  158,000 

198,000 
88,000 

49,000 

$  493,000 


Total  First  Phase  upgrade  and  Construction  S2, 638, 000 
Land  Acquisition  S5, 576,000 

Engineering  and  Contingencies  528,000 

Total  Project  First  Stage  $8,742,000 


TABLE  VIII 

Capital  Expenditures  Second  Stage  (1983-1987), 
D.  W.  Hooks  Memorial  Airport 


Landside  Facilities 


Additional  General  Aviation  Hangar 

Construction  $  430,000 

Construct  Crash,  Fire,  and  Rescue  Facility  16 , 000 


Subtotal  Landside  Facilities 


$  446,000 
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TABLr  .11  I  (  :  nr  .  r.  ued  ' 


A  i  r  s  i  ie  facilities 

/  ns  tract  o  ,  dCc  .’•cot  Para!  lei  R  ur.wa>  witr 
Associated  Taxi  ways 

$ 

94  0, 

cor, 

Install  Precision  Approacr.  Sa  v  i  :a  t  ;  cr.a  1 

and  Visual  Aids 

6  5  0, 

coc 

suttctal  A  :  rs  ldc-  Facilities 

5  1 

,  590  , 

>  G  C 

Total  Second  age  or.str  ict  i  n 

s : 

,  C  i  6  , 

c 

Enu  ineer  m  :  and  c r.  t  i  r.  : •  •  n c  i  e  s 

4  C  ”  . 

J  w  • 

Total  Prr'ect  Second  ..rare 

3  1 

,44 

r  A  B  L  f  IX 

Capita  i  E  xpe r  i;U;e'  T • . i  r  ■:  au »• 

C.  W.  Hc<  <  r;  'c  f  ;  j  1  ‘  .  :: 

Lanisj.de  Facilities 

Additional  General  Aviation  Ha.-.car 

Const  racticr.  S1.G1J, 

Eng  i  neer  l  r.g  and  Cent  ir.geoc  i>.  s 

Total  Project  Third  Fta^e 

Four  main  categories  of  Ct.M  exj.en-.--s  x  i  s  ‘  a’  *<  : 
follows: 

o  Grounds  Maintenance 
o  Hangar  Maintenance 
o  Administration 
o  Security 

For  Hooks  Airport  very  little  historical  OiM  information  is 
available  frorr.  which  an  expense  pattern  can  be  e  xt  r  apcl  a  te  d 
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TABLE  XI  I  I 

Of  e ra t  :  ora i  Revenue  Pro 'ect ions , 

D.  W.  Hooirs  Memorial  Airport 

? e ven ue  Cat ecpc  r v 

T  Hangar  Rent 
Other  Hangar  Pent 
Ad.nu  n  i s  t  ra  1 l  ve  Space 
Fuel  Flowage  Fees 

TOTAL 


Budget  Year  Endmo 


1982  1987 

$354,240  $462 

229,480  372 

76,500  93 

51,600  72 

$711,820  $999 


1997 

000  S  613,800 

400  627,700 

500  125,500 

000  110,000 

900  $1,477,000 


The  combination  of  O&M  expense  and  revenue  projections 
provides  an  available  net  cash  value.  This  comparison 
presents  an  indication  of  the  fiscal  soundness  of  the 


j ;  rpur  *  af.<:  the  jit.  ;unt  if  capital  ;r.(.r';ve.iiient  fjndma  that 
"jst  coat  t  r  -it.  ut:.et  sources.  Tatie  XIV  is  a  year-cy-year 
summary  ut  revenues  and  expenses.  Note  tr.at  in  every  year 
't  tr.e  study  revenues  exceed  expenses. 

As  indicated  earlier  m  this  report,  the  expense  and 
revenue  forecasts  of  Tarle  XIV  embody  certain  projected  rat 
changes  and  significant  increases  in  general  aviation  opera 
thins.  The  estimated  cash  flew  would  have  tc  be  reviewed 
periodically  to  verify  underlying  assumptions.  Significant 
deviations  between  tr.e  values  of  this  report  and  actual 
costs  revenues  might  dictate  a  need  for  rate  adjustments. 

The  primary  sources  of  funding  for  airport  improve¬ 
ments  mcljde  municipal  government  funding,  federal  or 
state  grants,  and  user  related  fees  and  rentals. 

Municipal  government  funding  is  available  from  revenue 
or  general  obligation  bends,  contributions  from  a  locality1 
general  tax  fund,  and  possibly  private  contributions  in  the 
form  of  fixtures  or  real  estate.  As  noted  earlier  m  this 
section,  no  tax  money  for  development  at  Hooks  will  be 
available.  Also,  no  private  contributions  are  anticipated. 
Accordingly,  funds  for  capital  development  provided  by  the 
County  would  have  to  be  general  obligation  or  revenue  bonds 

With  respect  to  federal  grants,  the  FAA  administers 
its  Airport  Development  Aid  Program  (ADAP)  within  the 
provisions  of  the  Airport  and  Airways  Development  Act  of 
1970  as  amended  in  i976.  The  FAA  allocates  funds  to 
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airports  r.«.-th  u:i  the  .. f  ;r  carrier  pa.sser.gex  5 

er.f  ianed  and  >_r.  a  discret  .•  r.ary  l<is  £:nct  Hocks  A;  t it 

is  not  expected  tc  develop  an  carrier  service,  only 
discret  icr.aty  rending  would  be  available  frx  the  ledera, 

30  ve  r  n me r.  t . 

The  maximum  A  DAP  funding  amount  author  iced  ry  law  for 
an  airport  such  as  Hocks  is  80  percent  of  the  eligible  cost 
for  projects  funded  in  fiscal  years  (FY)  1 9 ~ 9  and  19of. 

The  ociigationai  authority  established  for  AC  AF  does  .not 
extend  beyond  I960.  For  the  purposes  of  this  report, 
it  is  assumed  that  the  federal  Congress  will  extend  the 
otli rational  authority  cf  ADA?  over  the  period  of  the 
Master  Plan  and  that  existing  allocation  formulas  will  be 
ccr.  1 1  need . 

State  funds  are  available  through  the  Texas  Airport 
Aid  Program  from  grants  offered  by  the  Texas  Aeronautics 
Commission  (TAC).  State  grants  must  be  matched  by  locally 
generated  funds,  with  the  maximum  state  contributions  tc 
any  one  single  project  currently  being  $75,003  per  fiscal 
year.  Due  to  long-term  uncertainties  associated  with 
statewide  priorities,  a  nominal  amount  of  $5,000  per  year 
in  TAC  grant  funds  was  assumed  to  be  available  for 
construction  at  Hocks  Airport  for  years  in  which  capital 
improvements  are  planned. 

A  final  category  of  funding  is  from  fees  paid  by 
airport  users.  At  Hooks  these  fees  include  hangar 


tenia, s ,  jij:* ;  r. ;  st  r.i  1 1  iLav>  rtr.t3»s,  1  r .  ;  !  !  .  uwa  g  e 

char  jes.  Ti'.ese  xruts  wore  discussed  p rev ;  jus iy . 

In  conunation  wit;.  anrja4  revenues,  rend  sales,  and 
the  55,000  assumed  state  irar.t,  different  levels  cf  federal 
funding  were  applied  tc  eligible  capital  improvements  m 
order  to  define  the  funding  alternatives  possible  for 
Hooks.  Beginning  with  the  aforementioned  maximum  ADAP 
percentage  allowed  (30  percent)  and  working  in  10  percent 
increments  (~C  percent  federal  funding,  60  percent,  and  so 
on)  it  was  determined  that  at  least  50  percent  of  the 
necessary  funds  for  development  at  Hooks  would  have  to  be 
provided  under  ADAP.  With  any  lower  percentage,  the  debt 
service  on  the  County  issued  oonds  that  would  be  necessary 
to  cover  the  difference  in  required  funds  could  net  be  met 
and  capital  improvements  could  not  be  accomplished. 

Assuming  the  worst  case,  that  is,  only  50  percent 
federal  funding,  a  bond  issue  in  the  neighborhood  of 
$4, 380,000  in  I960  would  be  required  in  Harris  County. 
Federal  grants  cf  53,764,000  and  $981,000  in  1980  and 
1985  respectively  would  be  necessary  in  addition  tc  the 
$5,QC0  in  state  grants  already  mentioned.  After  1987,  the 
net  operating  income  is  such  that  no  additional  grant 
funding  is  necessary  to  fund  capital  development. 

Naturally,  in  the  event  that  a  greater  amount  of  ADAP 
money  becomes  available  to  Harris  County,  the  bond  require¬ 
ment  and  corresponding  debt  service  would  be  reduced. 


:erct n  t ,  ar.'.i  - 
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.jt','  w ;  t  r.  SC  jA-r'.vr.t,  “  a  ;  tr^n*.  ,  6  0 
et  cvr.t  ADAP  i  ending  respectively  . 


TABLE  X'. 


Bend  Commitment  Alternative-, 
D.  W.  Hocks  Mexorial  Airtcrt 


Percent  of  Eligible  Capital  Improvement 
Funds  Provided  V/  Federal  ADA?  Grant 


Approximate  3c 
A.t.OjJ  n  t  Feu  u_:  r  e 


50 

60 

70 

80 


S4 , 380 , 000 
3 ,600,000 
2,900,000 
2,100,000 


Note : 


ADAP  errant  fundina  must  provide  at  least 


of  eligible  development  money  for  an  eccr.cm 
feasibie  capital  improvement  program. 


TA3LE  XVI 

ADAP  Grant  Funds  Required  with  50  Percent 
Federal  Funding  of  Eligible  Capital  Improvements 

Year  ADA P  Fu nds  Required 

1980  $3,763,750 

1985  980,500 

TABLE  XVI 1 

ADAP  Grant  Funds  Required  with  60  Percent 
Federal  Funding  of  Eligible  Capital  Improvements 

Year  ADA?  Funds  Required 


1980 

1985 


$4,516,500 

1,176,600 


TABLE  VIII 


ACAP  Grjr.t  Funds  Required  with  70  Percent 
Federal  Funding  of  Eligible  Capital  Improvements 


rear 

1360 

1985 


ADAP  Fur. ds _  Requ  i  red 

$5,629,250 

1,372,700 


ADA.-  Gran* 


TABLE  VIX 

is  Required  with  60  Percent 

/exerts 


:  i  re ' 


P  j  V-  ^  ’ 

F  u  r.  J  i  r.  u  c  f  1 1 

gi tie  Capital  I mp r 

Year 

ADAP  Funds 

:  9  8 

$6,022,000 

19  6  5 

1,563,800 

P  p  2  S’  0 

!  I  !  L.r'  V  1  ^  p4  7".  P*  p. 

tal  Tmract  Assessm 

Feport 

(EIAR) 

The  FIAT 

that  I  r reoared 

as  part  of  the  F h 

i  o  r.  ■'  z  t.  r.  *j 

Master  Plan  ic 

Appendix  B  of  thi 

report. 

Basically,  toe 

EIAR  incorporates 

and  noise  impact  assessment  analysis  acccirpi  ished  for 
Phase  I  in  t re  format  required  by  the  FAA.  Certain  ether 
environmental  cans  iterations  (the  impact  of  lighting  and 
possible  flood  plain  encroachment,  for  example)  are 
the  EIAR. 


i  r.cluded  i  n 
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UPDATE  OF  THE  MASTER  PLAN  FOR  SANITARY  SEWERAGE, 
NORTHS IDE  SERVICE  AREA,  HOUSTON,  TEXAS 

In  order  to  accomplish  the  second  short-term  objective 
of  the  internship,  I  was  assigned  to  the  Environmental 
Planning  Team  within  TCB.  Mr.  William  J.  Moore,  the  head 
of  the  team,  was  assigned  to  be  my  immediate  supervisor. 

Nature  of  the  Particular  Assignment 

TCB  has  been  preparing  Master  Plans  fcr  the  City  of 
Houston's  sanitary  sewerage  system  since  1961.  The  plans 
are  periodically  updated  to  account  for  current  trends 
and  recent  improvements  to  the  system.  The  original 
Master  Plan  for  the  majority  of  the  Northside  Service 
Area  (NSA)  was  developed  in  1965  and  had  not  been  updated. 

The  scope  of  work  for  the  total  plan  included  the 
following  tasks: 

1.  Evaluation  cf  Alternatives  for  Conveying  Flows 
From  the  Eleventh  Street  Lift  Station  Service  Area 

2.  Establishment  of  a  Data  Ease 

3.  Establishment  of  a  Flow  Projection  Sosis 

4.  Development  of  Flew  Projections 

5.  Identification  of  Deficiencies 

6.  Development  cf  Alternative  Plans 

Personnel  from  TC3  had  already  completed  Tasks  1  ar.d 

Appendix  C  loser  ires  the 


2  above  before  I  arrived. 


methodology  that  I  used  for  Tasks  3  through  6  and  gives  tne 
detailed  results  of  my  contribution  to  the  Master  Plan. 


Development  of  Computer  Program 
In  the  Interim  Report  (Appendix  D)  I  refer  to  the 
development  of  a  computer  program  to  aid  in  the  preparation 
of  the  Master  Plan,  I  wrote  the  program,  entitled 
"SANSEW, "  to  satisfy  a  long  standing  need  of  TCB.  The 
supporting  calculations  for  previous  Master  Plans  had 
been  done  by  hand.  To  give  the  reader  an  idea  cf  the 
magnitude  of  the  calculations  involved,  I  estimate  that 
approximately  5,000  computations  are  required  for  each  year 
of  the  Northside  Master  Plan  study.  Since  there  were  three 
year  groups  covered  in  the  Master  Plan  (1983,  1990,  and 
2000)  some  15,000  calculations  were  necessary.  Assuming 
ten  seconds  per  calculation  around  40  manhours  would  be 
required  to  generate  the  data  needed  to  complete  the  plan 
using  only  one  set  of  flow  factors.  SANSEW  performs  the 
computations  in  five  minutes.  The  high  speed  cf  the 
computer  also  allows  the  planners  at  TCB  to  evaluate  a 
wider  range  of  projected  flow  scenarios  than  was  possible 
previously.  For  example,  by  changing  only  one  card  in  the 
program  deck,  I  examined  by  computer  the  projected  flew 
that  resulted  from  two  sets  of  flow  factors  in  my  analysis 
cf  the  Norths  ide  Sewer  System. 


The  User's  Manual  that  I  wrote  for  SANSEW  is 


\ 


Appendix  E  of  this  internship  report.  The  User's  Manual 
contains  a  detailed  description  of  the  program  including 
among  other  information  a  listing  and  examples.  Eefore 
leaving  TCB  to  return  to  Texas  A&M  University,  I  briefed 
TCB  personnel  about  SANSEW  so  that  it  could  be  used  for 
similar  future  planning  efforts  undertaken  by  the  company. 


t 

f 


42 


OTHER  PROJECTS 


During  the  internship  I  was  asked  to  perform  other 
assignments  in  addition  to  the  two  planning  studies 
previously  described.  These  projects  are  discussed  below. 


Civil 
spent 
while 
the  f 


Participation  with  the  Technical  Chiefs 
of  the  Firm 

During  my  first  two  weeks  with  TCB  I  worked  with  the 
and  Environmental  Chiefs  of  the  firm.  Although  I 
a  significant  amount  of  this  time  with  Dr.  Bishop 
we  planned  the  internship  I  also  participated  in 
ollowing  activities: 

1.  Attended  with  Dr.  Bishop  meetings  dealing  with: 

a.  A  proposed  expansion  of  the  Sugarland,  Texas 
Wastewater  Treatment  Plant. 

b.  Interim  progress  reports  of  1 )  a  flood  damage 
prediction  study  for  Florence,  Colorado  and 
2)  a  hydrologic  study  for  the  Lower  Hartman 
Bottom,  Lake  Dardanelle,  Arkansas. 

c.  An  Environmental  Protection  Agency  hearing 
covering  administration  of  federal  funds  for 
environmentally  related  projects.  EPA  has 
delegated  authority  for  such  administration 


to  Texas. 
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2.  Assisted  in  the  technical  review  of  the  plans  and 
specifications  for  the  expansion  of  the  Kerrvi 1 ie 
Water  Treatment  Plant. 

3.  Designed  two  of  the  structural  steel  pipe  racks 
for  the  American  Hoechst  Corporation's  high 
density  polyethylene  plant  in  Bayport,  Texas. 

4.  Checked  structural  design  for  the  steel  frame 
supporting  the  conveyor  belt  system  for  sludge 
removal  at  the  Sugarland  Wastewater  Treament 
Plant . 

Additional  Noise  Impact  Analyses 

Besides  the  noise  assessment  I  performed  fcr  David 
Wayne  Hocks  Memorial  Airport  I  also  performed  similar 
analyses  for  Lakeside  Airport  in  Harris  County,  Texas  and 
for  a  proposed  new  airport  in  Texas  City,  Texas.  Both 
of  these  evaluations  used  the  FAA's  INM  and  were 
incorporated  into  other  Airport  Master  Plans  submitted 
by  TC5 . 

Sens l t i v i tv  Analysis  of  the  FAA's  Integrated 
Noise  Model 

My  immediate  supervisor,  Mr.  William  G.  Griffin, 
during  the  airport  planning  project  requested  that  I  vary 
some  of  the  parameters  for  the  Lakeside  noise  analysis  in 
order  to  determine  tne  impact  on  the  final  results.  The 
parameters  I  elected  to  modify  included  time  cf  day, 


type 


■  t  a  :  :  •  t  i  •  '  ,  » •  :  «  ;  r  :  '  • 

s ' :v» «*  i  *  f  ;  *  ’  . 

cr.ar.  .;*-s 

^aramclt;:  r-c<: :  f  ;  a  '  .  c  m  .  i 
the  acrea ^«*  »•  r.c  1  ;s»»  :  r.y  t 
t  ew  additional  ai  rcr  if  ’  r 
I  suspect  that  a  h. i  jr.er  per 
create  siqr.if  scant  wider.*:,; 


the  rcnwav  at  Lanes :de. 


cn  :  wAi-K. 

;  ...»  i  t.  r  tv  Doctor  t  L'  r.<: i  nee  r  i  rv:  mterr.sA  ;; 
"ir'c  !  *.k  ••  ».-r.d  ot  tr.e  most  sat  lifymg  educat  1  r,a  1 
exp*?r  ;ence  !  raw  ever  had .  The  enthusiastic  support 
■  '!  the  ;  rior.oe  i  l  r.  the  firm  especially  Dr.  Bishop  ar.d 
Messrs,  dr  it  fir.  and  Moore  certainly  contributed  to  the 
success  f  u  1.  completion  of  the  internship.  As  an  intern, 

To  3  accorded  me  a  unique  position  that  I  appreciated  within 
t  ri »“  f  i  r  rr. . 

I  feel  confident  that  the  internship  satisfied  the 
objectives  cf  the  College  ot  engineering.  Beth  narcr 
projects  I  completed  required  me  to  perform  at  a  highly 
technical  level.  In  addition,  I  was  certainly  exposed 
to  problems  not  normally  associated  with  traditional  design 
or  analysis.  For  example,  I  relied  heavily  cn  the  core 
finance  courses  in  the  Doctor  of  Engineering  program  when 
I  prepared  the  financing  plan  for  the  Airport  Master  Plan. 
Also,  a  noise  impact  analysis  with  its  extensive  planning 
assumptions  is  definitely  not  a  "traditional"  Civil 
Engineering  task. 

With  respect  to  the  personal  objectives  I  had  set 
for  the  internship,  I  feel  that  I  accomplished  all  of  them 
with  the  exception  of  the  one  dealing  with  the  attendance 
at  meetings  conducted  by  top  management  within  the  firm. 

I  would  have  liked  to  have  attended  these  meetings  so  that 


I  could  see  how  a  consulting  firm  receives  its  direction. 
Specifically,  I  was  interested  in  getting  some  insight 
concerning  why  the  firm  channels  its  efforts  into 
particular  areas  at  the  expense  of  others.  I  do  not  feel 
that  my  inability  to  attend  these  meetings  detracted 
significantly  from  the  internship. 

A  major  plus  for  me  with  respect  to  my  long  term 
objectives  was  that  I  was  given  a  rare  opportunity  to 
observe  first  hand  how  a  consulting  firm  deals  with 
government  agencies.  This  experience  will  be  a  major 
benefit  to  me  as  an  Air  Force  Civil  Engineering  officer. 
Frequently,  the  Air  Force  deals  with  consultants  for  a 
wide  range  of  design  services.  In  fact,  this  arrangement 
has  received  a  high  level  of  interest  recently  in  the 
Air  Force.  I  feel  that  my  time  with  TCB  has  given  me 
valuable  insight  into  the  operation  of  consulting 
engineering  firms  that  few  cf  my  fellow  officers  have. 

In  conclusion,  the  professional  internship  required 
for  the  Doctor  of  Engineering  degree  was  highly  beneficial 
to  me.  I  am  quite  certain  that  the  experience  has  enhanced 
my  progressive  development  as  an  Air  Force  Civil 
Engineering  officer. 
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Over  the  past  fifteen  years  the  number  of  general  aviation 
aircraft  in  Harris  County  has  nearly  doubled. (U  As  might  be 
expected,  this  increase  in  aircraft,  coupled  with  a  corresponding 
increase  in  operations,  has  created  consideraole  demand  for 
expansion  of  airport  facilities  in  the  County.  Unfortunately, 
neither  municipally  nor  privately  owned  airports  within  the  County 
have  been  able  to  respond  rapidly  enough  to  adequately  handle 
the  growth  in  general  aviation  air  traffic.  The  resulting 
congestion  has  become  a  matter  of  concern  to  both  the  public  and 
the  private  sectors. 

A  paradoxical  factor  in  the  heavy  demand  for  general 
aviation  facilities  is  the  nationwide  trend  towards  closure  of 
privately  owned  public-use  a  irf ields .  ( 2 )  Expansion  of  publi  civ- 
owned  airfields  has  somewhat  dampened  this  trend,  but  not  to  a 
degree  that  prevents  a  decrease  in  the  total  capacity  of  ground 
aviation  airports  available  for  public  use. 

Reasons  for  private  airport  closures  range  from  owners' 
personal  concerns  to  pressures  from  local  authorities  or  environ¬ 
mental  interests.  High  property  taxes  also  have  tended  to  reduce 

( 1 ^Review  and  Refinement  of  the  Regional  Airport-Airspace  System 
Plan  Forecasts,  H-GAC,  June  1977. 

(^Potential  Closure  of  Airports,  U.  S.  Department  of  Transporta¬ 
tion,  Federal  Aviation  Administration,  January  1978. 


interest  in  privately  owned  public-use  airfields.  '  national 
survey  of  293  owners  of  private  airports  identified  as  being 
important  in  the  National  Airport  System  Plan  (NASP)  reveals  that 
the  most  certain  way  to  ensure  continued  operation  of  privately 
owned  airports  was  conversion  to  public  ownership. ( 3 ) 

This  report  primarily  addresses  the  need  for  publicly  owned 
general  aviation  facilities  within  "northwestern"  Harris  County. 
Northwest  Harris  County  is  defined  as  that  part  of  the  County 
bounded  to  the  south  and  west  by  rJ .  S .  Highway  290  ,  to  the  east 
by  Interstate  Highway  45,  and  to  the  north  by  the  county  line 
along  Spring  Creek. 

In  view  of  1)  the  aforementioned  growth  in  general  aviation 
in  Harris  County,  2)  the  requirement  to  better  define  the  specifi 
nature  of  the  additional  facilities  needed  to  satisfy  the  pro¬ 
jected  aircraft  demand  in  the  northwest  area  of  Harris  County, 
and  3)  the  potential  need  for  public  participation  in  the  owner¬ 
ship  of  general  aviation  facilities  in  this  area,  the  Harris 
County  Commiss loners '  Court  made  application  for  and  was  offered 
a  grant  from  FAA  for  the  purpose  of  developing  an  Airport  Master 
Plan  for  a  general  aviation  reliever  airport  located  in  the 
northwestern  area  of  Harris  County.  The  County  formally  accepted 


(  3  >  Ibid. 
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the  grant  on  September  5,  1977  and  engaged  Turner  Collie  «»  Braden 
Inc.  to  prepare  the  Master  Plan. 

This  report  is  Phase  I  of  a  twc-phase  study.  Phase  I  deals 
primarily  with  site  selection,  including  analysis  of  demand,  deter¬ 
mination  of  facility  requirements,  engineering  evaluation  of 
Hooks,  alternative  site  evaluation,  and  a  preliminary  environmental 

review . 

Phase  IT  of  the  study  will  cover  the  economic  feasibility  of 
public  ownership  of  an  airport  in  the  northwestern  part  of  Harris 
County  and  the  recommended  development  program  for  such  an  air¬ 
port.  Specifically,  Phase  II  will  include  preparation  of  an 
airport  layout  plan,  land-use  plan,  aerial  zoning  plan,  and  air¬ 
port  access  plan.  An  economic  analysis  and  development  schedule 
will  also  be  submitted.  Ultimately,  Phases  I  and  II  will  con¬ 
stitute  a  final  master  plan  report  suitable  for  submission  to 
the  FAA .  A  separate  Environmental  Impact  Assessment  Report  (EIAR) 


will  also  be  prepared. 


AIRPORT  DEMAND  AND  ACTIVITY  PROJECTIONS 
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The  forecasted  aircraft  demand  included  in  this  section  is 
premised  upon  the  data  reported  in  the  June  1977  update  of  the 
regional  general  aviation  forecast  prepared  for  the  Hcustcn- 
Galveston  Area  Council  (H-OAC)  ov  the  Engineers  of  the 
Southwest.  ( )  In  the  H-GAC  forecast,  the  total  number  of  aircraft 
predicted  for  Harris  County  is  based  upon  population  information 
for  nine  subareas  of  the  County.  Since  the  scope  of  this  report 
is  limited  to  northwestern  Harris  C'-unty,  only  aircraft  from  three 
of  these  subareas  are  included  m  the  forecast  total.  These  three 
suoareas  represent  an  area  significantly  larger  than  that  defined 
as  the  northwestern  Harris  County  study  area.  This  region  is  con¬ 
sidered  to  be  the  service  area  from,  which  existing  and  future 
general  aviation  demand  for  the  study  area  will  originate.  Many 
of  the  aircraft  presently  based  in  northwestern  Harris  County 
are  owned  by  residents  in  the  western  part  of  the  County.  These 
aircraft  are  based  in  the  northwest  part  of  the  County  (primarily 
at  Hooks)  cecause  of  a  general  lack  of  facilities  in  the  west. 

To  varying  degrees,  this  condition  of  demand  and  "spill  over" 
into  the  northwestern  study  area  is  expected  to  continue  in  the 
future.  In  addition,  aircraft  totals  have  been  adjusted  to 
account  for  aircraft  registered  outside  of  a  subarea  but  based 

( 4 ) Review  and  Refiner ent  of  the  Regional  Airport-Airspace  System 
Plan  Forecasts,  H-  AC,  June  1977. 
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tn  Lt.  For  Harris  County  and  each  of  the  subareas,  approximately 
11  percent  of  all  based  aircraft  are  assumed  to  be  registered 
outside  the  county. 

Demand  projections  are  presented  fcr  an  overall  time  frame 
of  20  years  and  specifically  for  the  planning  years  1982,  1987, 
and  1997.  The  data  for  1982  are  intended  to  reflect  the  minimum, 
level  of  aviation  operations  for  which  new  facilities  should  be 
immediately  designed  and  placed  under  construction.  The  1987 
forecast  shows  an  increase  in  aviation  activity  that  will  generate 
additional  facility  requirements  to  be  designed  within  two  or 
three  years  with  actual  development  in  five  to  eight  years.  The 
reader  is  cautioned  that  the  forecast  for  1997  reflects  assumptions 
about  the  economic  base  of  the  area  and  aviation  technology  which 
are  reasonable  at  this  time,  but  may  not  be  valid  in  twenty  years. 
Accordingly,  the  aircraft  projections  incorporated  beyond  1937 
should  be  used  for  long-term  generalized  developmental  goals 
rather  than  to  predict  specific  airport  requirements. 

Table  1  presents  projections  of  general  aviation  aircraft 
to  be  based  in  Harris  County  in  1982,  1987,  and  1997.  Table  2 
shows  the  projected  numbers  of  based  aircraft,  by  type,  for  the 
planned  airport  facility  in  northwestern  Harris  County  for  the 
same  time  periods. 


TABLE  1 


BASED  AIRCRAFT  FORECAST,  HARRIS  COUNTY  TOTAL 


1982 

1987 

1997 


Based  Aircraft 
2,074 
2,402 
3 , 060 


TABLE  2  -  3ASED 

AIRCRAFT 

FORECAST, 

NORTHWESTERN 

HARRIS 

COUNTY 

AIRPORT 

1982 

1987(2) 

1997  ( 

(1) 

(2) 

Single  Engine 

231 

252 

260 

265 

Multi-Engine 

Piston 

56 

61 

68 

77 

Turboprop 

13 

15 

24 

36 

Turbojet 

15 

16 

30 

51 

Rotorcraf t 

15 

16 

18 

21 

330 

360 

400 

450 

(1) Assumes  Andrau  Airport  is  still  operational. 

(2) Assumes  Andrau  Airport  is  not  operational. 
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The  reader  will  note  two  projections  for  1982.  The  two 
alternative  forecasts  shown  in  Table  2  for  1982  reflect  alterna¬ 
tive  assumptions  regarding  the  future  disposition  of  Andrau 
Airport.  Although  Andrau  is  not  located  in  the  study  area,  the 
airport  accommodates  general  aviation  demand  which  would  spill 
over  into  the  northwest  area  if  the  capacity  at  Andrau  were  not 
available. 

Annual  airport  operations  forecasts,  by  aircraft  type,  are  also 
made  for  1982,  1987,  and  1997.  These  predictions  are  based  upon 
estimates  of  operations^)  per  aircraft  as  shown  in  Table  3. 

Table  3  assumes  that  itinerant  operations  are  the  same  as  based 
aircraft  operations  at  some  alternate  field.  Table  4  shows  the 
estimated  annual  operations  forecast  by  aircraft  type  thus  derived. 

No  air  carrier  operations  are  included  in  the  forecasts, 
since  air  carrier  service  is  not  expected  to  develop  in  north¬ 
western  Harris  County  due  to  the  distance  from  downtown  Houston 
and  proximity  to  Houston  Intercontinental  Airport. 


(5)0ne  aircraft  operation  is  defined  as  either  a  take-off  or  a 
landing . 


TABLE  3  -  ANNUAL  GENERAL  AVIATION  OPERATIONS  PER  AIRCRAFT 
NORTHWESTERN  HARRIS  COUNTY 


Aircraft  Type 

1982 

1987 

1997 

Single  Engine 

525 

525 

525 

Multi-Engine 

P is  ton 

415 

430 

450 

Turboprop 

480 

485 

490 

Turbojet 

440 

450 

475 

Rotorcraf  t 

950 

950 

950 
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TABLE  4  -  ANNUAL  OPERATIONS  FORECAST, 

NORTHWESTERN  HARRIS  COUNTY  AIRPORT 


1982 

1987(2) 

1997(2) 

S ingle-engine 

(1) 

121,275 

(2) 

132, 300 

136, 500 

139,125 

Multi-engine 

Piston 

23,240 

25,315 

29,240 

34,650 

Turboprop 

6,240 

7,200 

11,640 

17,640 

Turbojet 

6,600 

7,040 

13,500 

24,225 

Rotorcraf t 

14,250 

15,200 

17,100 

19,950 

TOTAL 

171,605 

187,055 

207,980 

235,590 

(-^Assumes  Andrau  Airport  is  still  operational. 
(^Assumes  Andrau  Airport  is  not  operational. 


DETERMINATION  OF  FACILITY  REQUIREMENTS 


The  previous  section's  projected  aviation-demand  results 
in  the  facilities'  requirements  described  in  this  section  for 
proposed  northwestern  Harris  County  airport.  The  reader  shoui 
note  that  where  two  projections  of  aircraft  demand  exist  (the 
of  1982  for  Andrau  Airport),  the  larger  number  is  used  in  this 
ar.aly  s  is . 

Land side  Facilities 

Lands  ide  facilities  include  hangars,  automobile  parking 
spaces,  service  areas,  ground  transportation  access,  and 
fire  protection. 

Table  5  reflects  the  estimated  number  of  hangar  spaces 
required.  In  this  estimate,  it  is  assumed  that  approximately 
two  percent  of  the  aircraft  owners  will  elect  to  tie  down  tn.ei 
planes . 

The  airport  will  require  automobile  parking  capacities  as 
shown  in  Table  6. 

A  full-service  maintenance  facility  of  approximately 
square  feet  would  be  required.  The  maintenance  area 
planned  with  room  for  expansion  in  future  years  as  -  • 
of  aircraft  based  at  the  airport  increases.  Ey  ;  -  -  ~ 
approximately  7,000  square  feet  and  9.0CC  .  :  • 

will  be  required. 

Provision  should  a.so  be  made 
point  in  1982  with  additiur.  of  a-  •  •  •  - 


AD*A106  373  AIR  FORCE  INST  OF  TECH  WRIBHT-PATTERSON  AFB  OH  F/«  13/2 

INTERN  EXPERIENCE  WITH  TURNER  COLLIE  AND  BRADEN  INC.  AN  INTERNS~ETC(U> 
AU«  79  DR  TOPPER 

UNCLASSIFIED  AFIT-CI-79-2190  NL 
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TABLE  5  -  HANGAR  SPACE  REQUIREMENTS 

NORTHWESTERN  HARRIS  COUNTY  AIRPORT 


1982  1987 


Number  of  Required  Hangar  Spaces  355 


390 


TABLE  6  -  AUTOMOBILE  PARKING  SPACE  REQUIREMENTS 
NORTHWESTERN  HARRIS  COUNTY  AIRPORT 


1982  1987 

Total  Number  of  Automobile  Parking 

Spaces  Required  240  270 


1997 

440 


1997 

300 


The  airport  would  need  a  small  fire-protection  facility  of 
700  square  feet  to  house  one  vehicle. 

Finally,  a  2,500-square-foot  restaurant  is  recommended  for 
the  proposed  airport. 

Airside  Facilities 

In  order  to  meet  the  number  of  aircraft  operations  forecast, 
a  dual-parallel  runway  system  is  recommended.  A  4,000-foot  runway 
would  be  necessary  for  most  single-engine  and  twin-engine  piston 
aircraft.  This  facility  should  be  75  feet  wide  and  be  structurally 
capable  of  handling  aircraft  gross  weights  to  12,500  pounds. 

A  parallel  runway  at  least  6,000  feet  long  is  also  needed  and 
should  be  designed  to  handle  larger  twin-engine  piston  aircraft  as 
well  as  turboprop  and  turbojet  aircraft.  This  runway  should  be 
100  feet  wide  and  able  to  sustain  gross  weights  to  60,000  pounds. 

Taxiways  associated  with  both  runways  should  be  40  feet  wide. 
With  respect  to  alignment,  each  runway  should  be  oriented  to  a 
bearing  of  350  degrees  for  takeoffs  to  the  north  and  170  degrees 
for  takeoffs  to  the  south. 

Flexible  asphaltic  concrete  pavement  is  acceptable  for  both 
runways?  however,  a  rigid  Portland  cement  concrete  pavement  should 
be  considered  for  the  6,000-foot  runway. 

The  longer  runway  should  have  sufficient  navigational  aids 
to  allow  for  an  instrument  approach.  An  instrument  landing  system 
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(ILS)  consisting  of  a  localizer/  glide  slope  facility,  and  marker 
beacon  is  required  to  satisfy  instrument  approach  specifications. 

A  nonprecision  approach  should  be  provided  for  the  4,000-foot 
runway.  Navigational  aids  associated  with  this  runway  include  the 
following : 

Very  High  Frequency  Omnirange  (VOR) 

Distance  Measuring  Equipment  ( DME ) 

Visual  Approach  Slope  Indicator  (VASI) 

Note  that  the  DME  requirement  above  is  commonly  satisfied  by 
a  Tactical  Air  Navigation  System  (TACAN).  The  combination  of  VOR 
and  TACAN  is  called  a  VORTAC. 

Lighting  requirements  for  the  airport  include  runway  and 
taxiway  edge  lighting,  a  rotating  beacon,  a  lighted  wind  indicator, 
and  taxiway  exit  lights  or  signs.  Additionally,  a  medium 
intensity  approach  lighting  system  with  runway  end  identifier 
lights  is  required  for  the  instrument  approach  runway. 
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TABLE  7  -  RUNWAY  AND  TAXIWAY  REQUIREMENTS 

NORTHWESTERN  HARRIS  COUNTY  AIRPORT 

Present  Requirement 
Alignment/Designation 
Length 
Width 

Single  Gear  Design  Load 
Taxiway  Width 

By  1987  Additional  Requirement 


Alignment/Designation  35R/17L 

Length  6,000  ft 

Width  100  ft 

Single  Gear  Design  Load  60,000  lbs 

Taxiway  Width  40  ft 


35L/17R 
4,000  ft 
75  ft 

12,500  lbs 
40  ft 


ENGINEERING  EVALUATION  OF  HOOKS  AIRPORT 
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This  section  presents  an  inventory  and  evaluation  of  the 
existing  facilities  at  David  Wayne  Hooks  Memorial  Airport. 
Included  herein  are  descriptions  of  the  operational  capacity 
of  Hooks,  conditions  of  existing  facilities,  ground  accessibil¬ 
ity  of  the  airport,  property  availability,  required  clearances, 
availability  of  utilities,  soil  conditions,  and  expansion 
potential . 

Hooks  is  located  near  the  intersection  of  Spring  Cypress 
and  Stuebner-Airline  roads  in  northwestern  Harris  County.  The 
airport  facilities  occupy  approximately  460  acres  of  land  out  of 
a  larger  land  tract  which  is  owned  by  the  airport’s  owner, 

Mr.  Charles  Hooks. 

Currently,  about  275  aircraft  of  various  types  are  based 
at  Hooks.  Hangar  spaces  are  available  for  nearly  90  percent 
of  these  aircraft  with  the  remainder  occupying  tie-down  spaces. 
Table  8  is  an  inventory,  by  type,  of  based  aircraft. 

The  existing  primary  runway  at  Hooks  is  asphalt,  5,340  feet 
long  and  110  feet  wide.  A  secondary  parallel  runway,  located 
300  feet  from  the  primary  runway  centerline,  is  2,500  feet  long 
and  40  feet  wide.  A  parallel  taxiway,  2,500  feet  long  and  30 
feet  wide,  runs  between  the  two  runways.  This  taxiway  is  located 
150  feet  and  120  feet  from  the  centerlines  of  the  primary  and 
secondary  runways  respectively.  Both  runways  are  aligned  for 
approaches  from  the  south  at  a  350  degree  magnetic  azimuth  and 


TABLE  8  -  CURRENT  BASED  AIRCRAFT,  HOOKS  AIRPORT 
NORTHWESTERN  HARRIS  COUNTY 


Type  Number 

Single  Engine  210 

Multi-Engine 

Piston  47 

Turboprop  5 

Turbojet  3 

Rotorcraft  12 

TOTAL  277 
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from  the  north  at  a  170  degree  magnetic  azimuth.  In  addition 
to  the  paved  runway  surfaces,  Hooks  also  has  a  seaplane  landing 
area  that  is  2,600  feet  long  and  100  feet  wide.  The  seaplane 
approaches  lie  on  the  same  magnetic  azimuths  as  the  paved  runway. 

The  runway  pavement  is  in  good  condition.  Taxiway  surfaces 
range  from  good  to  fair.  Some  new  taxiway  paving  is  in  place 
west  of  the  T-hangars;  however,  the  remainder  of  the  taxiway 
pavement  is  in  fair  condition  with  some  severe  rutting  evident  in 
areas  of  heavier  traffic.  Taxiway  wearing  surfaces,  with  the 
exception  of  the  newer  pavement  noted  above,  are  weathered  and 
in  need  of  a  seal  coating,  overlay,  or  replacement.  No  strength 
testing  was  accomplished  for  the  runways  and  taxiways,  and  no  as- 
built  drawings  are  available  of  the  runway  cross-sections  that 
would  allow  determination  of  the  load-carrying  capacity  of 
the  pavement  structure.  The  Federal  Aviation  Administration 
Master  Record  for  the  runway  indicates  an  estimated  single-wheel 
load  capacity  of  30,000  pounds  for  the  primary  runway  and  4,000 
pounds  for  the  secondary  runway.  The  30,000-pound  capacity  for 
the  5,340-foot  runway  is  somewhat  questionable.  A  more  detailed 
analysis  of  the  pavement  would  have  to  be  made  prior  to  under¬ 
taking  design  for  runway  improvements. 

The  parking  aprons  at  Hooks  are  in  fair  condition.  The 
wearing  surfaces  are  weathered  and  in  need  of  a  new  seal  coat 
or  overlay  to  prevent  further  deterioration. 


18 


Runway  lighting  at  Hooks  is  limited  to  low  intensity  edge 
lighting  and  runway  end  identifier  lights.  If  the  runway  were 
to  be  upgraded,  significant  additional  lighting  would  be  required 
to  meet  minimum  lighting  specifications  noted  in  the  third  sec¬ 
tion  of  this  report. 

The  estimated  Annual  capacity  of  the  airport  is  shown  in 
Table  9.  The  capacity  calculation  and  forecast  of  the  first  sec¬ 
tion  indicate  that  operations  at  Hooks  will  exceed  the  airport's 
capacity  in  the  mid-1980's. 

Landside  facilities  at  Hooks  are  good.  162  T-hangars  are 
available  to  the  public  along  with  some  36  other  hangars. 

These  facilities  can  house  approximately  250  aircraft.  In 
addition,  tie-down  space  exists  for  about  60  aircraft.  One 
hangar,  leased  by  the  U.  S.  Army  and  used  for  military  aircraft, 
is  located  in  the  northwest  section  of  the  airport. 

Air  and  auto  refueling  locations  are  present  at  Hooks.  In 
addition,  the  airport  has  4,700  square  feet  of  pilots'  lounge  and 
restaurant  which  are  in  good  condition.  Two  fixed-base  operators 
provide  full  service  maintenance  capability  and  five  flying 
schools  operate  from  Hooks.  Parking  space  for  340  automobiles  is 
available. 

The  airport  is  accessible  via  Stuebner-Airline  Road  which  is 
a  two-lane  asphalt  road  in  good  condition  and  maintained  by  Harris 
County.  The  road  runs  north  to  the  airport  from  Houston  before 


assuming  a  westerly  course  into  Tomball.  Widening  of  this  road 
proximate  to  the  airport  would  have  to  be  considered  by  the  1987 
time  frame  of  this  study  in  order  to  accommodate  the  expected 
increase  in  auto  traffic.  Since  the  road  forms  a  boundary  to  the 
north  and  east  of  Hooks,  expansion  of  the  airport  in  these 
directions  is  limited  unless  the  road  is  relocated. 

All  utilities,  including  electricity,  water,  and  natural  gas, 
are  provided  at  Hooks.  Sanitary  sewage  is  disposed  through  a 
septic  system  and  drain  field. 

The  land  near  Hooks  is  mostly  flat  grassland  with  one  small 
area  of  trees  on  the  airport  property  northwest  of  the  primary 
runway.  No  line-of-s ight  limitations  exist  to  the  south,  east, 
or  west.  A  line  of  trees  runs  east-west  about  two  miles  off  the 
north  end  of  the  runway. 

Table  10  reflects  the  soil  characteristics  proximate  to 
Hooks  Airport.  The  predominant  soil  type  is  Wockley  loam  which 
consists  mainly  of  low  compressibility  clay.  Small  pockets  of 
Gessner  loam  are  located  on  either  side  of  the  seaplane  landing 
area  and  due  west  of  the  primary  runway.  A  third  soil  type, 

Segno  loam,  is  prevalent  to  the  northwest  of  the  airport. 


21 


TABLE  10  -  SOxL  TYPES  AND  CHARACTERISTICS,  HOOKS  AIRPORT 
NORTHWESTERN  HARRIS  COUNTY 


Soil  Type 
Gessner  Loam 
Segno  Loam 
Wockley  Loam 


Unified  Soil 
Classification 

CL 

CL 

CL 


Liquid  Limit 
Range _ 

17- 40 
20-40 

18- 35 


Plasticity 
Index  Range 

4-20 

8-26 

4-17 


Source:  Soil  Survey  of  Harris  County,  Texas,  USDA,  Soil 

Conservation  Service,  August  1976. 


All  three  soil  types  exhibit  low  shrink/swell  potential. 
Also,  the  Segno  and  Gessner  loams  generally  exhibit  low  shear 
strength.  The  Wockley  loam  has  moderate  shear  strength.  The 


Wockley  and  Gessner  soils  present  high  risk  of  corrosion  to 
uncoated  steel.  These  three  soil  types,  while  not  ideal,  do  not 
present  significant  problems  to  construction  of  the  lightly 
loaded  facilities  normally  associated  with  a  small  general 
aviation  airport  such  as  Hooks. 

The  Hooks  site  has  a  high  groundwater  table  located  from 
zero  to  two  feet  below  the  surface.  The  flood  potential  is  very 
low  to  nonexistent .  ^ ) 

As  noted  earlier  in  this  section,  in  order  to  meet  the 
potential  demand  for  Northwestern  Harris  County,  Hooks  would 
require  extensive  upgrading  and  expansion.  This  development  is 
technically  feasible.  Another  runway  parallel  to  the  existing 
runway  and  6,000  feet  in  length  is  needed  by  1985  to  meet  the 
forecasted  demand.  The  site  would  also  require  105  additional 
hangar  spaces  by  1982,  35  more  spaces  by  1987,  and  50  more  spaces 
by  1997.  The  navigation  aids  and  improved  runway  lighting 
equipment  noted  in  Section  2  would  also  have  to  be  installed. 
Additional  land  acquisition  and  easements  for  clear  zones  required 
to  expand  Hooks  are  shown  in  Table  11. 

(6)soil  Survey  of  Harris  County,  Texas,  USDA,  Soil  Conservation 
Service,  August  1976. 
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TABLE  11 

Required 

-  LAND  ACQUISITIONS,  HOOKS  AIRPORT 
NORTHWESTERN  HARRIS  COUNTY 

for  Airport  Facilities  by  1985 

Acres 

Existing 

Hooks  Airport  Property 

460 

Property 

Held  by  other  Owners 

160 

Easements 

for  Clear  Zones  by  1985 

Hooks  Property 

50 

Others 


70 


SITE  SELECTION 
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In  this  section,  eight  alternative  locations  for  a  County  air¬ 
port  in  northwestern  Harris  County  are  identified  and  evaluated 
in  order  to  provide  comparative  data  relative  to  these  sites. 

The  goal  of  site  evaluation  is  to  establish  the  optimum  location 
for  the  airport.  Criteria  used  in  the  evaluation  process  include: 

1.  Location  within  the  study  area.  One  important  consider¬ 
ation  in  site  selection  is  a  potential  site's  proximity 
to  the  users  of  the  airport. 

2.  Location  in  relation  to  other  local  airports.  A  site 
should  be  selected  so  that  the  future  aircraft  operations 
will  not  encroach  upon  the  airspace  of  other  airports. 

3.  Access  requirements.  Sufficient  roadways  should  be  near 
the  site  to  allow  ready  accessibility  to  airport  users. 

4.  Noise  considerations.  The  airport  site  should  be  located 
in  an  area  not  proximate  to  residences,  schools,  churches, 
or  other  entities  that  would  be  sensitive  to  the  noise 
that  will  be  generated  by  aircraft  operations. 

5.  Potential  conflicts  with  existing  utilities,  railroad,  and 
roadway  rights-of-way.  When  such  conflicts  exist,  con¬ 
siderable  additional  expense  is  usually  involved  in  the 
development  of  the  airport  since  the  rights-of-way  generally 
require  relocation. 

6.  Availability  of  utilities.  As  with  "5"  above,  considerable 
expense  can  be  saved  during  airport  development  if  utilities 
already  exist  near  the  site. 

7.  Consideration  of  potential  airport  site  configuration.  The 
airport  site  should  be  adequate  to  accommodate  the  develop¬ 
ment  described  in  the  section  of  this  report  entitled 
"Determination  of  Facility  Requirements." 

The  sites  evaluated  are  depicted  in  Exhibit  3  and  are  discussed 
individually  in  the  following  paragraphs.  Table  12  is  a  quantita¬ 
tive  summary  of  the  site  selection  analysis. 
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TABLE  12  -  SITE  SELECTION  ANALYSIS 

NORTHWESTERN  HARRIS  COUNTY  AIRPORT  MASTER  PLAN 


Airport 

S  l  tes 

1 

2 

3 

4 

5 

6 

7 

8 

Criteria 

Location  within 

study  area 

4 

4 

4 

4 

5 

3 

3 

4 

Location  in  relation 

to  other  airports 

5 

4 

4 

5 

4 

5 

5 

2 

Access  requirements 

5 

4 

4 

4 

5 

3 

3 

4 

Noise  considerations 

Potential  conflicts 
with  existing  utili¬ 
ties,  railroad,  and 
roadway  rights-of- 

4 

4 

5 

5 

2 

5 

5 

5 

way 

4 

4 

3 

3 

2 

2 

2 

3 

Availability  of 

utilities 

Consideration  of 
potential  airport 

4 

5 

3 

3 

5 

2 

2 

3 

site  configuration 

3 

5 

4 

2 

2 

2 

_2 

_4 

' 

' 

TOTAL 

29 

30 

27 

26 

25 

22 

22 

25 

1  *  Poor 


5  *  Excellent 


This  location  lies  about  thirty  miles  from  Houston  directly 
off  the  northwest  freeway  (U.  S.  Highway  290)  which  provides  a 
good  noise  buffer  and  ready  accessibility.  The  site  is  bordered 
on  the  north,  west,  and  east  by  undeveloped  land.  A  pond  is 
located  in  the  southwestern  corner  of  the  site.  No  conflicts 
involving  obstructions,  rights-of-way,  or  clearances  are  evident 
at  Site  1.  Approximately  10  entities  own  property  within  the 
confines  of  the  site.  Roads  bound  the  site  on  three  sides. 
Utilities  are  readily  available. 

Site  2 

Hooks  airport  is  centrally  located  within  the  study  area  for 
this  report.  The  site  is  adjacent  to  undeveloped  farm  lands  to 
the  north,  east,  and  west.  Access  to  the  airport  is  via  Stuebner 
Airline  Road  which  bounds  the  airport  to  the  east  and  northeast. 
Land  for  expansion  of  existing  facilities  is  available  to  the  west 
and  south.  Noise  buffers  in  the  form  of  undeveloped  land  exist 
for  the  site.  Adequate  utilities  are  available  at  Hooks.  Pipe¬ 
lines  crisscross  the  site  to  the  south,  but  they  would  not 
interfere  with  possible  facility  expansion.  Hooks  is  already  a 
general  aviation  airport,  so  only  the  addition  of  a  6,000-foot 
parallel  runway  with  its  associated  support  equipment  would  be 
required. 
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Site  3 

This  property,  like  Hooks,  is  centrally  located  within  the 
study  area.  Pipelines  cross  the  property,  which  is  predominantly 
undeveloped.  Creeks  can  be  found  to  the  north  and  south. 

Elevation  increases  gradually  by  20  feet  when  moving  from  south 
to  north  across  the  site.  A  pond  is  located  in  the  eastern 
quadrant.  Site  3  is  bounded  by  West  Montgomery  Road  to  the  east 
and  Spring  Cypress  Road  to  the  south.  This  arrangement  would 
provide  easy  accessibility  to  the  airport. 

Site  4 

Located  on  the  northwestern  fringe  of  the  study  area.  Site  4 
lies  south  of  Waller  Tomball  Road  and  north  of  Schill  Road.  Both 
roads  could  provide  access  to  the  airport.  Site  4  is  crisscrossed 
by  pipelines  and  traversed  by  a  power  line.  In  addition, 
utilities  would  be  difficult  to  obtain  due  to  the  remote  location 
and  the  lack  of  development  in  the  area. 

Site  5 

Weiser  Airport  is  conveniently  located  comparatively  close 
to  the  Houston  city  limits  (13  miles)  and  is  easily  accessible 
via  the  northwest  freeway  (U.  S.  Highway  290).  The  locale 
proximate  to  the  site  is  highly  developed.  For  example,  Weiser 
is  very  near  two  schools  to  the  west  and  bounded  by  a  subdivision 
to  the  south.  Accordingly,  the  impact  of  noise  in  the  area, 


should  operations  at  Weiser  be  increased,  would  be  significant. 
The  development  of  schools,  housing,  and  business  at  the  bound¬ 
aries  of  the  airport  also  limit  the  ability  of  Weiser  to  expand 
to  meet  the  anticipated  facilities'  requirements  over  the  period 
of  this  study. 

Site  6 

The  site  consists  mainly  of  undeveloped  land  and  is  located 
at  the  northwestern  boundary  of  the  study  area.  Although  roads 
surround  the  area,  access  would  still  be  difficult  due  to  the 
remoteness  of  the  property  from  a  major  highway.  A  power  line 
crosses  the  property.  Topography  is  not  conducive  to  airport 
development  since  there  is  a  fairly  rapid  25-foot  increase  in 
elevation  when  moving  from  the  southeastern  quadrant  of  the  site 
to  the  northwestern  quadrant.  The  elevation  change  makes  the 
area  unsuitable  for  runway  construction  without  extensive  earth 
work.  Utilities  are  not  readily  available. 

Site  7 

The  property  is  adjacent  to  Site  6.  As  with  the  previous 
site,  the  property  is  mainly  undeveloped  land  and  remotely 
located  in  comparison  to  the  suitable  alternative  airport 
locations.  A  cemetary  lies  in  the  northwestern  quadrant;  a 
power  line  crosses  the  property;  and  utilities  are  not  readily 
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available.  There  is  a  35-foot  increase  in  elevation  when  moving 
form  southeast  to  northwest  across  the  site.  Several  sludge 
pits  and  a  disposal  well  are  on  the  site. 

Site  8 

Some  interference  with  the  airspace  at  Houston  Intercon¬ 
tinental  Airport  would  result  from  the  use  of  this  site.  Woods 
present  at  the  northern  third  of  the  property  might  be  obstruc¬ 
tions.  The  area  is  fairly  close  to  Houston  (12  miles)  and  access¬ 
ible  via  Stuebner-Airline  Road.  Power  lines  crisscross  Site  8. 
Minimal  development  is  evident,  but  utilities  would  be  available 
due  to  proximity  to  Houston.  Oil  wells  with  associated  pipelines 
exist  at  the  site.  These  wells  could  present  problems  with 
respect  to  land  acquisition. 


Summary 

Considering  the  merits  of  each  alternative  site,  Hooks 
Airport  is  recommended  as  the  most  favorable  location  for  a 
general  aviation  airport  in  northwestern  Harris  County.  Hooks 
itself  is  a  one-owner  facility  with  capacity  for  expansion 
through  acquisition  of  adjacent  lands.  The  site  is  readily 
accessible,  if  somewhat  remote,  to  the  Houston  city  limits. 

The  site  is  almost  completely  surrounded  by  undeveloped  land 
which  minimizes  potential  noise  impacts.  Utilities  are  already 
available  at  Hooks.  Topography  at  Hooks  is  flat,  which  is  ideal 
for  runway  construction. 
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Finally,  as  an  existing  airport.  Hooks  possesses  inherent 
advantages  that  a  new  location  would  not.  Specifically,  Hooks  has 
airspace  rights  that  would  have  to  be  obtained  at  a  new  airport. 
Persons  living  near  Hooks  are  more  acclimated  to  the  noise  asso¬ 
ciated  with  general  aviation  aircraft  and  would  be  less  likely  to 
object  to  continued  operations  at  Hooks  than  would  residents 
living  or  working  near  a  new  aviation  facility. 

Second  and  third  alternatives  in  the  form  of  sites  1  and  3 
are  available  for  consideration  if  acquisition  of  the  primary 
site  is  either  prohibitively  expensive  or  unacceptable  to  local 
interests  for  environmental  or  other  reasons.  These  alternate 
sites  could  be  considered  in  turn  if  significant  problems  of 
such  a  nature  are  encountered  with  the  primary  site. 


ENVIRONMENTAL  REVIEW  AND  EVALUATION 
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This  section  concentrates  on  the  impact  of  noise  and  air 
quality  in  the  area  resulting  from  facilities  expansion  at  Hooks 
Airport  to  accommodate  the  forecasted  aircraft  demand  for  north¬ 
western  Harris  County.  This  preliminary  environmental  evaluation 
also  includes  an  archeological  assessment  of  the  Hooks  property. 
Phase  II  of  this  study  will  include  an  environmental  assessment 
in  approved  FAA  format. 

Noise  Impact 

The  purpose  of  the  noise  impact  analysis  is  to  identify 
noise-sensitive  areas  around  the  airport.  The  January  1978 
edition  of  the  FAA's  Integrated  Noise  Model  (INM)  was  used  to 
obtain  noise  contour  data  for  the  anticipated  mix  of  operations 
for  1978,  1982,  1986,  1987,  and  1997.  A  description  of  the  FAA 
INM  and  of  the  Ldn  (Day-Night  Sound  Level)  units  used  in  the 
following  exhibits  is  presented  in  Appendix  A. 

Noise  impact  results  are  also  reported  for  1986.  1986  is 

the  year  at  which  Hooks  is  expected  to  reach  its  operational 
capacity  if  no  new  runway  is  built.  Thus,  the  1986  noise  contour 
presents  the  "do  nothing"  alternative  that  can  be  used  to  compare 
the  impacts  of  noise  both  with  and  without  the  second  parallel 
runway  proposed  for  completion  by  1987. 

Guidelines  for  determining  land-use  requirements  for 
different  levels  of  noise  were  obtained  from  the  FAA's  manual 
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entitled  Airport  Land-Use  Compatibility  Planning,  AC  150/5050-6, 
December  1977. 

Exhibits  4  through  8  depict  the  noise  contours  for  the 
northwestern  Harris  County  airport.  Noise  levels  determined  from 
the  analysis  represent  the  mix  of  general  aviation  aircraft 
types  forecast  for  Hooks  airport.  Prevailing  wind  data  and 
aircraft  operational  characteristics  were  used  to  predict  runway 
usage  and  to  develop  sound  energy  levels.  Estimated  flight  tracks 
used  in  conjunction  with  the  INM  are  in  Appendix  A. 

The  contours  plotted  are  the  boundaries  of  all  areas  exposed 
to  noise  levels  equal  to  or  greater  than  65  and  75  Ldn.  A  65  Ldn 
level  is  approximately  equivalent  to  the  noise  intensity  which 
might  be  expected  in  a  noisy  urban  environment.  The  75  Ldn  noise 
level  is  considered  clearly  unacceptable  with  respect  to  environ¬ 
mental  impact  for  normally  constructed  residential  or  similar 
noise  sensitive  land  uses.  A  75  Ldn  level  is  equivalent  to  the 
noise  encountered  downtown  in  a  major  metropolis.  Tables  13 
and  14  present  a  more  detailed  description  of  noise  impacts  with 
respect  to  land  use. 

Examination  of  Exhibit  4  shows  that  the  existing  condition 
(1978)  noise  contours  are  almost  totally  confined  to  the  airport 
boundaries. 

Increased  operations  for  1982  cause  a  noise  envelope 
(Exhibit  5)  that  is  somewhat  larger  than  1978.  The  65  Ldn  contour 
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LAND  USE  COMPATIBILITY  PLANNING  LAND  USE  NOISE  SENSITIVITY 
NORTHWESTERN  HARRIS  COUNTY  AIRPORT 
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extends  off  the  southern  airport  boundary  about  1,600  feet  and  off 
the  northern  boundary  900  feet.  To  the  north  and  south  the  over¬ 
lap  is  into  undeveloped  farmland.  There  is  no  area  subjected  to 
a  noise  level  of  75  Ldn  or  higher  in  1982. 

A  75  Ldn  contour  appears  for  the  1986  "do  nothing"  alterna¬ 
tive  due  to  the  increased  number  of  operations.  This  contour  is 
within  the  existing  airport  boundaries  while  the  65  Ldn  contour 
extends  outside  airport  property  by  3,600  feet  to  the  south  and 
1,900  feet  to  the  north.  As  noted  previously,  the  1986  case  is 
developed  from  the  anticipated  mix  of  aircraft  that  will  exist 
if  no  improvements  to  Hooks  are  made  and  if  the  airport  reaches 
capacity  level  operations  as  expected  by  1986. 

In  1987,  the  addition  of  a  parallel  runway,  coupled  with 
increased  operations,  causes  a  significant  widening  and  lengthe.nir. 
of  the  65  Ldn  contour.  Although  the  northernmost  portion  of  the 
contour  stays  within  700  feet  of  the  property  line  for  Hooks, 
the  southernmost  contour  lies  some  7,200  feet  outside  the 
property  line.  The  land  inside  the  contour  presently  consists 
mainly  of  undeveloped  farmland;  however,  easements  or  land 
acquisition  will  be  necessary  to  prevent  encroachment  into 
the  noise-sensitive  area  of  the  runway  by  residential,  business, 
or  recreational  development  in  the  future.  The  75  Ldn  contour 
runs  300  feet  to  the  south  of  the  existing  airport  boundary, 
while  to  the  north  the  contour  stays  inside  the  current  property 
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line.  The  75  Ldn  contour  remains  within  the  expected  airport 
boundaries . 

Exhibit  8  presents  the  1997  noise  situation.  The  65  Ldn 
contour  has  again  expanded  and  widened.  The  southernmost 
extremity  of  the  contour  extends  past  Spring  Cypress  Road,  about 
8,000  feet  from  the  end  of  the  existing  runway.  To  the  north,  the 
65  Ldn  contour  extends  1,800  feet  off  the  airport  site.  The 
75  Ldn  contour  extends  3,500  feet  to  the  south  of  the  airport 
boundary,  but  stays  inside  the  property  line  to  the  north. 

The  environmental  impact  of  noise  is  lessened  when  higher 
noise  exposure  levels  are  confined  to  the  airport  boundaries. 
Land-use  easements,  or  acquisition  of  all  area  subject  to  75  Ldn 
or  higher,  might  be  advisable  to  reduce  noise  impact  on  areas 
outside  the  airport  bounds. 

No  schools  or  churches  currently  exist  within  any  of  the 
contours  developed.  However,  a  few  existing  residences  are 
included  within  the  1986,  1987,  and  1997  65  Ldn  contours. 

Insofar  as  possible,  homeowners  in  the  area  should  be  notified 
of  their  location  within  a  a  potentially  noisy  environment. 

Some  acoustical  insulation  may  be  needed  for  these  homes,  as 
well  as  noise  abatement  procedures  for  aircraft  using  Hooks. 

With  proper  planning  during  the  initial  stages  of  development, 
notification  to  prospective  homeowners  of  the  possible  noise 
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impacts  on  residential  areas,  and  appropriate  noise  abatement 
procedures  by  aircraft,  the  deleterious  effects  of  noise  can  be 
minimized.  Another  consideration  in  the  evaluation  of  potential 
noise  impacts  near  Hooks  is  that  the  noise  contours  generated  by 
the  INM  represent  maximal  noise  levels  to  be  expected  if  present- 
day  aircraft  types  are  flown  from  Hooks  over  the  period  of  this 
study.  In  order  to  meet  federal  regulations  with  regard  to  noise, 
future  aircraft  will  be  required  to  be  quieter.  Thus,  the 
contours  shown  herein  likely  overestimate  the  future  noise  impact 
to  a  certain  degree.  Table  15  shows  acreage  enclosed  by  various 
noise  contours  throughout  the  planning  period. 

Air  Quality 

The  impact  on  surrounding  air  quality  of  the  increased 
operations  at  Hooks  will  not  be  significant  with  the  exception 
of  air  pollution  that  would  result  from  construction  of  a 
new  runway.  Impacts  on  air  quality  from  construction  can  be 
^alleviated  by  following  guidelines  set  forth  in  FAA  Advisory 
Circular  150/5370-7,  "Airport  Construction  Controls  to  Prevent 
Air  and  Water  Pollution. " 

Data  shown  in  Table  16  compare  the  impacts  from  the  proposed 
improvements  to  the  "Ambient  Air  Quality  and  National  Air  Quality 
Standards 7 )  In  fact,  review  of  the  data  demonstrates  the 

(7)Code  of  Federal  Regulations:  "Protection  of  Environment," 

40  CFR  Part  50  {Washington,  D.  C. ,  July  1,  1975). 
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TABLE  15  -  SUMMARY  OF  AREA  ENCLOSED  BY  NOISE  CONTOURS 
D.  W.  HOOKS  MEMORIAL  AIRPORT 


Year 

Acres  Enclosed 

65  Ldn 

Acres  Enclosed 
75  Ldn 

1978 

102 

0 

1982 

173 

0 

1986 

275 

32 

1987 

602 

57 

1997 


806 


77 


minimal  effect  of  Hooks'  aircraft  on  the  surrounding  air  quality. 
The  technique  used  to  derive  Table  16  is  described  in  Appendix  B. 

Although  increased  surface  traffic  would  be  expected  in  the 
immediate  vicinity  of  Hooks  airport  over  the  periods  of  this 
report,  the  resulting  change  in  air  quality  on  an  areawide  basis 
will  not  be  significant.  Presumably,  the  majority  of  persons 
basing  aircraft  at  Hooks  are  already  operating  their  private  vehi¬ 
cles  inside  the  study  area.  The  incremental  impact  on  air  quality 
of  these  persons  driving  to  Hooks  to  fly  is  considered  negligible 
in  comparison  to  normal  daily  driving  within  the  study  area. 

Archeological  Assessment 

Dr.  Frank  Hole  of  the  Rice  University  Department  of 
Anthropology,  under  contract  to  Turner  Collie  &  Braden  Inc.,  con¬ 
ducted  a  survey  of  the  Hooks  site  to  determine  the  presence  of  any 
objects  of  historical,  architectural,  archeological,  or  cultural 
significance.  Dr.  Hole's  investigation  revealed  that  a  sweetgum 
tree  grove  located  northwest  of  the  existing  runway  may  have  con¬ 
siderable  historical  importance.  Dr.  Hole  believes  the  grove  to 
be  an  overnight  wagon  train  campsite  for  travelors  in  the  nine¬ 
teenth  century.  In  addition,  Sam  Houston  and  his  army  may  have 
camped  at  the  grove  on  the  way  to  San  Jacinto.  In  any  event,  the 
development  of  Hooks  Airport  recommended  in  this  report  will  be 
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planned  to  preserve  the  sweetgum  grove.  No  other  sites  of  his¬ 
torical,  archeological,  or  cultural  significance  will  be  affected 
by  expansion  at  Hooks.  Dr.  Hole's  report  is  Appendix  C  hereto. 


SUMMARY  AND  CONCLUSIONS 
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This  report.  Phase  I  of  a  two  phase  study  to  determine  the 
need  for  a  basic  transport  airport  in  northwestern  Harris  County, 
has  provided  the  following  information: 

-  A  forecast  of  the  aircraft  demand  for  1982,  1987, 
and  1997.  In  each  year  group,  the  study  predicts 
a  significant,  continuing  trend  towards  increased 
general  aviation  operations. 

-  An  outline  of  facility  requirements  associated 
with  a  publically-owned  airport  in  this  area.  A 
dual-parallel  runway  system  with  associated  support 
facilities  is  recommended. 

-  An  engineering  evaluation  of  David  Wayne  Hooks 
Memorial  Airport.  Hooks  is  generally  in  good 
condition  with  the  main  requirement  being  the 
addition  of  a  6,000-foot  parallel  runway. 

-  Review  of  several  potential  sites  for  the  airport. 

Hooks  airport  is  recommended  as  the  best  location 
in  northwest  Harris  County. 

-  A  preliminary  environmental  review  and  evaluation 
of  Hooks  Airport  as  the  recommended  site  for  the 
publically-owned  airport.  The  major  environmental 
impacts  associated  with  Hooks  Airport  results  from 
aircraft  noise.  Noise  impacts  from  the  airport, 
while  significant,  encroach  on  only  a  very  few 
residences.  With  proper  planning,  noise  affects 
can  be  minimized. 

In  conclusion.  Hooks  Airport  appears  to  be  both  a  technically 
and  environmentally  sound  choice  for  a  publically  owned  airport  in 
northwestern  Harris  County.  However,  public  acquisition  of  Hooks 
is  not  recommended  at  this  time.  Hooks  is  a  relatively  stable 
operation  with  minimal  developmental  pressures  from  surrounding 
land  owners.  Additionally,  because  of  the  airport's  configuration, 
the  addition  of  a  parallel  runway  would  dictate  a  substantial  land 
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acquisition  which  would  tend  to  make  economic  feasibility  difficult 
to  achieve.  It  is  recommended  that  the  situation  at  Hooks  be 
monitored  in  the  future  and,  if  changes  occur  which  would  indicate 
a  significant  increase  in  pressures  toward  closure  of  Hooks,  public 
acquisition  be  reconsidered. 

Phase  II  of  this  report  to  be  completed  in  the  near  future 
will  present  the  final  airport  plans  in  the  framework  of  an 
"Airport  Master  Plan"  in  accordance  with  FAA  Advisory  Circular 
150/5070-6  and  "Instructions  for  Processing  Airport  Development 
Actions  Affecting  the  Environment"  (FAA  Order  5020. 2B.)  In  addi¬ 
tion,  Phase  II  will  include  a  Development  Schedule  and  Economic 
Feasibility  and  Financing  Plan. 
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APPENDIX  A  -  FEDERAL  AVIATION  ADMINISTRATION  A- 

INTEGRATED  NOISE  MODEL 

The  FAA  has  developed  the  INM,  a  computer  program  package, 
which  can  be  used  to  predict  the  noise  impacts  of  aircraft  in 
the  neighborhood  of  an  airport.  By  using  the  INM,  the  airport 
planner  can  model  ma tnema t i ca I ly  a  wide  variety  of  potential 
scenarios  <rur  an  airport.  Although  several  different  metrics 
are  available  for  the  INM,  this  study  used  the  Ldn  noise 
descriptor.  Developed  by  the  Environmental  Protection  Agency 
in  1974,  the  Ldn  (also  called  "Day-Night  level")  is  the  average 
(nonenergy  basis)  A-weighted  noise  level  over  a  24-hour  period. 
Appropriate  weightings  are  applied  for  the  noise  levels  occurring 
in  the  daytime  and  nightime  periods.  For  example,  the  Ldn  is 
weighted  to  account  for  the  quieter  background  noise  levels  from 
10:00  p.m.  to  7:00  a.m.  ,  with  a  10  dB  penalty  applied  for  aircraf 
operating  during  these  hours.  Thus,  the  Ldn  provides  a  single 
number  measure  of  time-varying  noise  for  a  specified  time  period. 
Table  Al  shows  a  comparison  of  Ldn  noise  levels  to  several 
qualitative  outdoor  descriptions.  The  Ldn  can  be  measured 
directly  at  existing  airports  using  portable  monitoring  equipment 
Typical  contour  values  usually  range  from  less  than  55  Ldn  for 
lightly  impacted  areas  to  more  than  75  Ldn  for  heavily  impacted 
areas.  Table  Al  shows  a  comparison  of  Ldn  noise  levels  to  severa 
qualitative  outdoor  descriptions. 

The  resultant  noise  contours  from  the  INM  and  presented  in 
Exhibits  4  thru  8  conform  to  the  guidelines  of  FAA  Order  10501B, 


TABLE  A  1 

OUTDOOR  DAY  NIGHT  SOUND  LEVEL 
in  dB  AT  VARIOUS  LOCATIONS 


DAY  NIGHT 

QUALITATIVE  SOUND  LEVEL 

DESCRIPTIONS  DECIBELS  OUTDOOR  LOCATIONS 


—  90  — 
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"Policies  and  Procedures  for  considering  Environmental  Impacts," 
June  16,  1977.  The  65  and  75  Ldn  (Exhibit  6,  7,  and  8  only)  in 
the  Exhibits  represent  the  boundary  of  all  areas  exposed  to  noise 
levels  equal  to  or  greater  than  Ldn  65  or  75. 

In  order  to  use  the  INM  to  project  the  future  noise 
levels  presented  in  this  report,  the  analyst  must  prepare  the 
following  data  for  input  into  the  computer: 

I.  Runway  Configuration  including  Length  and  Orientation 

II.  Flight  Characteristics 

A.  Landing  Profile 

B.  Approach  and  Departure  Tracks 

C.  ,  Runway  Usage  Based  on  Prevailing  Wind  Direction 

III.  Existing  and  Forecast  Aviation  Activity  by  Aircraft  Type 

A.  Aircraft 

B.  Stage  Lengths 

C.  Operational  Characteristics 

D.  Day,  Evening,  and  Night  Operations 

Exhibits  A1  and  A2  are  the  flight  tracks  for  the  existing 


and  proposed  airport. 
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"BOX  MODEL"  METHOD  OF  AIR  QUALITY 
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The  "Box  Model" 

Air  quality  estimates  for  noncontrovers ial ,  noncritical  situ¬ 
ations  may  be  made  through  use  a  Box  Model  technique.  The  Box 
Model  method  of  air  quality  computation  uses  the  emissions 
generated  in  a  unit  landing  and  take-off  operation  ( LTO  cycle) 
as  the  basic  parameter  for  estimates.  In  order  to  be  consistent 
with  the  formation  of  the  model,  metric  units  are  used  in  all 
associated  calculations.  The  number  of  LTO  cycles  is  based  on 
peak-hour  operations.  The  dimensions  of  the  box  are  associated 
with  aircraft  type.  Its  length  is  a  typical  distance  between  the 
points  where  the  aircraft  descends  to  1,100  meters  above  the  run¬ 
way  on  approach  and  where  it  reaches  1,100  meters  again  on  depar¬ 
ture.  The  1,600  meter  width  of  the  box  is  arbitrary.  Box 
dimensions  for  various  type  aircraft  are  shown  on  Table  Bl. 

Table  B2  shows  emissions  in  terms  of  pounds  per  engine  for 
a  variety  of  aircraft  for  general  background  information.  Total 
emissions  resulting  in  a  peak  hour  on  an  average  day  or  from 
annual  operations  may  be  estimated  in  terms  of  the  forecast 
number  of  LTO  cycles  for  each  condition.  Actual  times  and 
emissions  may  be  more  or  less,  depending  upon  airport 
configuration  and  operating  condition. 
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TABLE  B1  -  MIXING  VOLUMES  AND  AMOUNTS  OF  EMISSIONS 

Closed  Box  Model  Dimensions 


Type 

LTO  Cycle 

Meters 

Meters 

Metei  s 

Volume 

Aircraft 

Minutes 

Length 

Width 

Depth 

Meters3 

Long-range  jet 

13.9 

23,100 

1,600 

1,100 

40,656  x  101 

Medium-range  jet 

13.9 

23,200 

1,600 

1,100 

40,656  x  101 

Business  jet 

9.0 

7,800 

1,600 

1,100 

13,790  x  10* 

Air  carrier  turboprop 

14.5 

22,500 

1,600 

1.100 

39.400  x  101 

General  aviation 

14.5 

22,500 

1,600 

1,100 

39.400  x  10( 

Air  carrier  piston 

16.7 

30,700 

1,600 

1.100 

54.000  x  10( 

General  aviation  piston 

17.9 

27,600 

1.600 

1,100 

48,600  x  10( 

Source:  Compilation  of  Air  Pollutant  Factors,  Second  Edition,  U.S.  Environmental  Protection  Agency, 
April,  1973. 
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ABLe  B.'  -  EMISSION  FACTOR  RATINGS  PER  AIRCRAFT  ENGINE  LTO  CYEI.E  '  !»  iyr  cr'i 


Type 

Sulfur 

Carbon 

Hydro- 

Nitroqen 

■Vrcraf? 

Particulates 

Oxides 

Monoxide 

carcors 

Oxides 

Lcr.n-ranije  ,e: 

1.210 

1 .530 

47.400 

41.200 

7,000 

Uecium-.-ange  jet 

0.410 

1.010 

17.000 

4. 900 

O 

to 

o 

o 

Business  ;et 

0.110 

0.370 

15.300 

3.600 

1.500 

Air  carrier  turboprop 

1.100 

0.400 

o.fiCO 

2.900 

2.500 

General  aviation 

rur!)cproo 

0.20 

0.1  SO 

3,100 

1.100 

1.200 

A-.r  career  piston 

0.500 

0.200 

304.000 

4Q.7C0 

C.4C0 

General  aviation 

mstcn 

3.C20 

0.014 

12.200 

0.400 

0.047 

Helicopter 

0.250 

0.130 

5.700 

0.520 

0.570 

Source:  Compilation  of 

Air  Pollutant  z 

mission  Factors.  Second 

Edition,  U.S.  E 

r.vironmentai  Protection  Agency. 

Table  3.2  -  1.3,  April,  1973. 
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Table  B3  shows  concentration  of  emissions  determined  for 
various  aircraft  types  and  for  each  LTO  cycle.  The  Box  Model 
is  a  "worst  case"  model.  Meteorological  data  such  as  accurate 
wind  speeds,  wind  directions,  and  vertical  air  movement  which 
would  dilute  and  disperse  pollutants  have  not  been  considered 
in  the  evaluation  process.  The  extreme  condition  of  pollution 
occurs  during  peak-hour  operations  when  wind  speed  is  low.  The 
values  shown  in  the  table  assume  a  wind  speed  of  one  meter  per 
second.  This  speed  in  representative  of  the  more  extreme  condi¬ 
tions  of  concern  regarding  pollution;  i.e.,  a  worst  case 
situation.  During  a  typical  hour  when  wind  speed  is,  for  example, 
ten  meters  per  second,  concentrations  would  be  ten  percent  of 
the  indicated  values  because  air  in  the  box  is  being  replaced  by 
new  air  at  ten  meters  per  second  instead  of  one  meter  per  second. 

Table  B4  is  prepared  after  determining  the  forecast  number  of 
LTO  cycles  of  each  air  type  during  a  peak  hour  operation. 

Predicted  concentrations  are  the  sum  of  concentrations  determined 
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TABLE  B3  EMISSION  CONCENTRATIONS  PER  AIRCRAFT1  LTO  CYCLE 


Type 

No  of 

Pdi  ticuldtes 

Sulfur 

Oxides 

Car  bon 

Monox  ul«* 

Hydr  o 

i  or  lions 

Nth  i rf Ji* 

nx  *  1 » * s 
ft  i  "i3 

Aircraft 

Enqitws 

H'l  '"3 

/xg-'"3 

mq  in'* 

/J  l  m3 

Long-range  jet 

4 

0  054 

0  069 

0  0021 

1  839 

0  354 

3 

0  041 

0  052 

0  0015 

1  379 

0  266 

Medium  range  jet 

4 

0  019 

0  045 

0  000/ 

0  216 

0  453 

3 

0  014 

0  034 

0  0006 

0  162 

0  339 

2 

0  009 

0  023 

0  0004 

0  108 

0  226 

Business  jet 

4 

0  015 

0  049 

0  002 

0  463 

0  217 

2 

0  008 

0  025 

0  001 

0  231 

0  106 

Air  carrier  turboprop 

4 

0  049 

0  018 

0  0003 

0  132 

0  112 

2 

0  024 

0  0009 

0  0002 

0  066 

0  056 

General  aviation 

turboprop 

2 

0  005 

0  004 

0  0001 

0  025 

0  02  ' 

Air  carrier  piston 

4 

0  019 

0  010 

0  010 

l  369 

0  013 

2 

0.009 

0  005 

0  005 

0  685 

0  00  7 

General  aviation 

piston 

2 

0  0004 

0  0002 

0  0002 

0  00  7 

0  0009 

1 

0  0002 

0  0001 

0.0001 

0  004 

0  0005 

1  The  emissions  data  shown  die  the  totals  for  the  tyf>e  aircraft  Do  not  multiply  the  emission  ilatd  by  the 
number  of  engines. 

Source:  Compilation  of  An  Pollutant  Emission  F  jctois.  Second  Edition,  U  S.  Environmental  Piotection  Agency, 
April,  1973 
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A  breakdown  of  LTO  cycles  by  aircraft  type  is  shown  on 
Table  B4.  Table  B4  also  includes  results  from  the  Box  Model 
analysis  used  to  assess  air  quality  impacts.  Concentrations 
of  pollutants  that  exceed  standards  can  be  determined  from 
Table  B5. 


i 
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TABLE  B5 

AMBIENT  AIR  QUALITY  STANDARDS 


National  Standards 

Pi iniar y 

Seconder  y  ' 

Carbon  Monoxide  ICO) 

41  mg  m3hourly  average, 
not  to  be  exceeded  more 
than  once  a  year 

same  as  pi  imai  y 

10  mg. m3 eight  hour  average, 
not  to  be  exceeded  more 
than  once  a  year 

Nitrogen  Dioxide  INO-^I 

3 

96 Jig -'m  annual  average 

same  as  pnmar  y 

3 

Non  methane  Hydrocarbons 

3 

160j|i,  6  9  a  m.  average, 

not  to  be  exceeded  more 
than  once  a  year 

same  as  primary 

Photochemical  Oxidants 

0.08  PP”>  hourly  average 
measured  as  ozone,  not  to 
be  exceeded  more  than  once 

a  year 

same  as  primal y 

Total  Suspended  Particulate 

Matter 

260 Jig  m3  24  hour  aveiage, 
not  to  be  exceeded  more 
than  once  a  year 

150  jig  m3  24  horn 
aveiage  not  to  be 
exceeded  more  than 

once  a  year 

75jiq  m3  annual  geometr  ic 
mean 

60 jig  rtrannual 
geometi  ic  mean 

Sulfur  Dioxide  (S02 ) 

365jig'm3  (0. 14  ppm)  24  hour 
aveiage,  not  to  be  exceeded 
more  than  once  a  year 

1,300 jig 'm3  (0.5  ppm) 
three  hour  aveiage 
not  to  be  exceeded 
more  than  once  a  year 

80jig/m3  (0.03  ppm)  annual 
average 

'Primary  standards  define  levels  of  air  quality  winch  the  U  S.  Environmental  Protection  Agency’s  (EPA)  Adminis- 
strator  judges  necessary  to  protect  the  public  health  with  an  adequate  margin  ol  safety. 


2 Secondary  standards  define  levels  of  air  quality  which  the  EPA  Administrator  judges  necessary  to  protect  the  public 
welfare  from  any  known  or  anticipated  adverse  effects  of  a  pollutant. 

3These  are  for  use  as  guides  in  achieving  other  standards.  The  non  methane  hydiocarbon  level  relates  to  the  oxidant 
standard,  the  60jig/m3geometric  mean  relates  to  the  24-hour  standard  for  particulates. 
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APPENDIX  C  -  CULTURAL  RESOURCES  ASSESSMENT  DAVID  WAYNE  HOOKS 
MEMORIAL  AIRPORT,  HARRIS  COUNTY 
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ARCON 

CONSULTING  SERVICES  IN  ARCHAEOLOGY 


26  May  1978 


Mr.  Bill  Griffin 

Turner  Collie  &  Braden,  Inc. 

5757  Woodway 
Houston,  TX  77057 

Dear  Mr.  Griffin: 

The  enclosed  report  summarizes  the  results  of  ray  investigation 
of  the  Hooks  Airport  site.  As  expected,  the  sweetgum  grove  holds 
the  only  possible  historical  significance  and  I  have  made  some 
suggestions  for  dealing  with  it  in  the  future. 

The  work  which  I  have  done  required  three  trips  to  the  airport 
and  surrounding  area  and  considerable  searching  in  the  library  at 
Rice  and  in  Tomball.  I  quickly  exceeded  the  time  limits  implied  by 
the  ceiling  on  my  fee  but  I  carried  through  until  I  felt  that  I 
understood  the  extent  of  the  problem  remaining. 

I  trust  that  the  present  report  will  serve  your  immediate 
purposes  and  I  will,  of  course,  be  interested  in  following  through 
in  some  fashion  if  that  is  deemed  to  be  desirable  by  your  company 
or  others. 


Sincerely  your§, 


^  /  /  / 


Frank  Hole 


FRANK  HOLE  •  5503  Sanford,  Houston,  Texas  77096  •  (713)  721-2957 


The  Area 


The-  David  Wayne  Kooks  Memorial  Airport  is  situated  at  the  northern  end 
of  Karris  County  on  the  prairie  between  Cypress  and  Willow  Creeks,  land 
that  was  originally  part  of  the  Elisabeth  Smith  League  of  1531  which 
straddled  Willow  Creek  (Figure  l).  The  present  environment  looks  re tart  ally 
different  from  tha+  of  the  past.  In  the  recording  of  the  Elizabeth  Smith 
grant,  it  was  reported  that  3/25  of  the  land  was  in  forest  and  the  remainder 
in  pasture.  This  appears  to  be  typical  of  the  region;  forests  had  advanced 
along  the  major  streams  tut  had  not  encroached  out  onto  the  prairie  in 
the  early  19th  century.  Today  it  is  hard  to  visualise  the  prairie,  for 
the  forests  have  advanced  rapid!;/;  often  there  is  dense  feres/  today  where 
in  1915  there  was  open  grassland.  As  little  as  15  years  of  disuse  today 
results  in  an  overgrowth  of  saplings  and  bushes  which  may  stand  1;  feet 
high.  These  marked  changes  ir.  the  distribution  cf  local  vegetation 
dictate  that  we  pay  less  attention  to  what  the  land  appears  to  be  today  and 
focus  on  what  it  was  in  the  past  if  we  are  to  understand  aboriginal  and 
early  historic  settlement. 


In  the  past,  the  north  part  of  Karris  County  lay  near  environmental 
r.r.d  cultural  boundaries.  To  the  south  was  the  flat  and  notorious  Koustcn 
prairie  and  to  the  north  was  the  rolling  Piney  Woods  forest;  to  the  west, 
the  post  oak  savannah.  Culturally,  before  European  settlement  the  region 
lay  between  the  coastal  gatherers  and  the  northeastern  farmers.  The  region 
was  sparsely  occupied  except  along  major  waterways.  Early  settlers  report 
Bidai  Indians  living  along  Spring  Creek  and  the  Braces  River.  The  Bidai 
are  closely  related  to  the  Crcoquisac  in  Liberty  County  an d  to  ether 
Inca  ins  who  inhabited  the  coastal  prairies.  Farther  inland  to  the  northeast 
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were  the  Caddo  Indians  whose  agricultural  practices  may  have  diffused  to 
the  Orcoauisac  shortly  before  European  contact.  With  simple  technology, 
north  Harris  County  is  not  easy  land  to  farm  and  we  have  no  evidence  that 
the  Indians  ever  attempted  it. 

According  to  members  of  the  Hooks  family  and  inspection  of  aerial 
photographs,  the  land  on  which  the  airport  was  placed  was  poorly  drained 
and  had  permanent  lakes.  As  such  it  would  have  been  uninviting  for 
habitation  and,  indeed,  one  sees  that  all  of  the  early  homesteads  were  on 
high  ground  near  the  creeks.  Just  above  the  floodline,  this  high  ground 
continues  to  be  prime  residential  land,  in  spite  of  the  sprawling  subdivision 
which  are  encroaching  rapidly  on  the  wetter  interfluvial  stretches  (Figure  2) 
One  would  not  expect  to  find  Indian  sites  on  the  airport  property. 

In  fact,  the  only  Indian  artifact  known  by  F.cbert  Hooks  to  have  been  found 
ir  the  vicinity  is  an  arrowhead  which  w?~  uncovered  along  Vilicw  Creek  at 
the  western  edge  cf  the  He oks property  where  a  pipeline  ditch  had  been  dug 
in  19-9.  This  substantiates  the  general  pattern  of  finding  such  material 
;  r -■  watercourses  and  suggests  that  dredsrir.g  cf  the  creek  has  probably 
'  *  r  removed  cr  buried  all  traces  of  Indian  habitation.  To  the  north, 

•  •  4  '•"'t :  ?_'■?-)  reports  Indian  sites  along  Spring  Creek  and  the 

:  ?  i  Ir  ilans  rear  Huff  smith.  Likewise  the  site  of  the  present 


Ireek  west  of  Tomb-all  was  an  Indian  site. 
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entire  property  except  where  recent  construction  has  covered  the  ground. 

The  present  airport  is  the  chief  recent  disturbance. 

My  procedure  was  to  drive  by  auto  to  the  various  pastures  and  walk 
the  terrain  looking  for  any  trace  of  ancient  habitation.  The  survey 
entailed  only  a  superficial  examination;  I  did  not  do  any  digging. 

Nothing  was  revealed  by  this  series  of  observations  which  had  not  been 
predicted  by  careful  prior  examination  of  the  aerial  photos  and  topographic 
maps.  With  the  exception  of  the  sweet  gun  grove  which  is  discussed  below, 
there  is  no  reason  to  expect  that  extension  of  the  airport  will  affect 
any  cultural  remains  of  historic  significance.  Neither  aboriginal  sites 
nor  historically  significant  structures  are  present. 

The  Sweet gum  Grove 

This  grove,  which  has  been  fenced  off  from  adjoining  pastures  for  some 
years,  is  believed  by  members  of  the  Hooks  family  to  have  been  an  overnight 
campground  for  wagon  trains  heading  toward  Houston,  or  possibly  along  an 
east-west  route.  Robert  Hooks  has  discovered  traces  of  an  old  road  in 
the  woods  west  and  north  of  his  house  and  he  thinks  that  some  of  the  old 
roads  shown  on  the  192C's  topographic  map  are  remnants  of  an  east-west  road 
that  ran  roughly  from  Tombali  to  Westfield  (Figure  3)-  Local  written  histories 
seem  net  to  mention  the  road. 

At  present  the  grove  is  a  jungle -like  tangle  of  vines,  bushes  and  trees, 
predominantly  sweetgun.  I  attempted  a  physical  examination  to  see 
whether  there  were  any  traces  of  use  on  the  trees  since  the  ground  is 
nearly  out  of  reach  owing  to  the  dense  vegetation.  While  I  war  xanirirg 
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the  trees,  I  noticed  a  distinct  ridge  flanked  by  two  "ditches"  running 
the  length  of  the  grove  (i.e.,  north - south) .  As  nearly  as  I  could 
measure  it,  the  distance  from  center  of  ditch  to  center  of  ditch  is  about 
12  feet.  The  overall  relief  of  ditch  and  ridge  is  about  2-3  feet.  Without 
stripping  away  the  vegetation,  the  description  must  remain  imprecise. 

At  the  south  end  of  the  grove  at  the  fence  line,  the  ridge  is  truncated 
and  the  track  extends  out  into  the  pasture  about  15  meters  east  of  and 
parallel  to  the  present  fence  line.  The  track  shows  clearly  as  a  stripe 
of  greener  vegetation  flanked  by  cattle  paths.  The  track  is  about  £  feet 
across  here.  I  was  able  to  trace  the  track  as  far  as  the  old  slough  which 
is  now  drained  toward  the  east  by  a  ditch  (Figure  U). 

To  the  north  of  the  grove  the  track  runs  through  a  thicket  just  east 
of  the  fence  line  which  runs  to  Boudreaux  Hoad.  The  ridge-and-ditch 
structure  seems  to  carry  into  this  streets;  again  the  overall  width  is 
about  12  feet. 

Along  Boudreaux  Hoad,  the  marsh  has  been  contained  to  make  a  series 
of  lakes  cn  either  side  cf  the  road  so  that  the  trail  is  lost  at  mhis  point. 
It  is  probable  that  an  old  trail  avoided  the  marsh  and  angled  to  the  west 
as  it  approached  the  present  Boudreaux  Hoad, 

The  identification  of  the  grove  as  a  remnant  of  a  read  is  based  on  the 
peculiar  fortuitous  preservation  of  the  characteristic  road  ruts  which 
wagons  create  in  the  absense  cf  suitable  paving.  That  these  were  preserved 
apparently  is  attributable  to  the  fact  that  the  grove  has  not  been  farmed; 
to  the  south  the  road  is  nearly  obliterated  whereas  on  the  north  side 
it  is  partly  preserved  as  an  embankment  of  the  lake. 
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The  grove  stands  out  from  a  considerable  distance  and  would  have  been 
more  striking  before  forests  had  expanded.  For  travelers  on  the  prairie, 
it  might  have  been  a  natural  stopping  place  because  of  the  trees,  availability 
of  permanent  water,  and  abundant  grazing.  Although  the  grove  is  dry,  it 
is  in  the  midst  of  marshy  fields.  The  fact  that  the  trees  grow  slowly  if 
at  all  suggests  that  their  roots  may  be  waterlogged;  sweetgums  prefer 
well-drained  soil.  Although  the  trees  are  small,  there  are  many  more  of 
them  in  the  grove  today  than  i-0  years  ago  when  the  first  aerial  photo  was 
taken  (photos  supplied  by  Charlie  Hooks).  Still  the  outline  of  the  grove 
and  the  sizes  of  the  largest  trees  have  remained  essentially  constant. 

The  oldest  photo  shows  a  relatively  open  ground  surrounded  by  trees. 

A.s  such  it  would  have  been  much  more  attractive  as  a  campsiue  than  it 
appears  today. 


Was  the  Grove  a  Wagon  Camp? 


There  are  two  approaches  to  answering  this  question:  historical  and 
archeological.  The  former  attempts  to  find  written  evidence  of  a  camp, 
or  circumstantial  evidence  that  it  might  have  been  a  camp.  An  archeologist 
seeks  tangible  remains  of  a  camp  in  the  ground.  Either  or  both  kind  of 
search  may  be  definitive  and  in  combination  they  should  produce  dependable 
results. 

Historical  Evidence 

In  the  time  available,  I  was  unable  to  conduct  a  thorough  hisuerieal 
search  although  I  was  able  to  read  rapidly  half  a  dozen  bocks,  scan 
pamphlems  and  books  or.  local  history  and  quickly  search  oC  volumes  of  the 
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Southwestern  Historical  Quar-terly  for  relevant  information.  In  the 
company  of  Robert  Hooks,  I  interviewed  two  older  residents  of  the  area 
who  have  lifelong  familiarity  with  the  property.  Other  informants  remain 
to  be  questioned.  I  have  searched  no  primary  historical  material  such  as 
diaries,  letters  or  newspapers. 

For  purposes  of  discussion,  I  will  assume  initially  that  an  east-west 
trail  or  road  existed  somewhere  in  the  area.  The  earliest  of  these,  the 
Atascosito  Road  linked  Liberty  (and  thence  via  the  Opelousa  Road  inro 
Lousiana)  with  San  Felipe  on  the  Brazos.  It  is  thought  that  this  read 
crossed  the  San  Jacinto  River  approximately  where  the  bridge  on  Highway  I960 
crosses  Lake  Houston  today.  The  remainder  of  the  route  is  uncertain  although 
it  is  said  that  it  crossed  the  Harrisburg- #ashingtcr.-on- the -Brazos  Road  at 
Hew  Kentucky  (Miller,  1977:9^).  Since  the  Atascosito  Road  was  established 
in  the  late  17th  century  ar.d  Washington-on- the -Brazos  'was  settled  ir.  the 
early  19th  century,  considerable  changes  may  have  taken  place  in  the 
specific  route  in  consequence  of  settlement  of  the  region.  A  recent 
pamphlet  (HEKC  1977:5)  reports  that  the  road  passed  just  south  of  Tor.ball. 

At  present  there  is  no  single  road  which  follows  the  route  just  mentioned 
from  Liberty  to  Tonball  to  San  Felipe;  indeed  it  is  notable  that  until  the 
last  decade  there  was  no  continuous  road  across  northern  Harris  County 
from  vest  to  east. 

For  practical  purposes  the  Atascosito  Trail  predated  settlement  of 
northern  Harris  County.  After  the  1830's,  when  land  grants  were  made  and 
especially  following  the  Battle  of  San  Jacinto,  the  area  began  to  receive 
settlers  and  the  major  trails  thereafter  were  in  the  direction  of  Hcustor.- 
Harriscurg.  This  pattern  can  be  seen  clearly  today  in  xhe  spoke-like  roads 
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emanating  from  Houston.  That  these  roads  were  laid  out  earl"  in  history 
is  indicated  by  the  fact  that  they  are  essentially  straight  for  long 
stretches.  These  roads  were  maintained  to  ship  goods  into  Houston  from 
the  farms  in  outlying  areas.  With  the  advent  of  railroads  to  this  part 
of  Harris  County  between  1873  and  1906,  the  reads  fell  into  disuse  and  new- 
trading  centers  such  as  Tomball .  Huffsmith,  Spring  and  Westfield  were 
established.  3y  the  1920‘s  trucks  had  begun  to  carry  goods  into  Houston, 
in  part  replacing  the  old  wagons  and  the  newer  trains.  Still,  North  Harris 
Cour.ty  remained  sparsely  settled  and  undeveloped. 

Mrs.  Cora  Eonds,  a  woman  of  82  years  who  lived  at  the  Hooks  property 
as  early  as  1926  and  whose  husband  (deceased  but  would  be  95)  was  bom  in 
the  house  just  to  the  west,  maintains  that  a  trail  called  "Cheatham"  ran 
past  the  gum  grove  and  headed  southeast  toward  Stuebner-Airlir.e  past  a 
house  just  south  of  the  present  airport  runway.  She  says  that  her  husband 
and  relatives  told  her  chat  Sam  Houston  and  his  a my  had  camped  at  the  grove 
or.  their  way  to  Sar.  Jacinto. 

I  have  been  unable  to  find  ar.y  reference  to  a  "Cheatham"  Trail  or  any 
other  specific  information  that  Sam  Houston  passed  the  grove.  M any 
people  believe  that  Houston's  route  followed  the  present  Route  lb-9.  West 
Montgomery  Road  (HNKC  1977:26). 

Mr.  Charles  Mahaffey,  lifelong  resident  of  the  area,  herded  cattle  as 
a  your.g  man  where  the  airport  is  today.  He  was  unable  to  recall  seeing 
ary  trace  of  a  trail  past  the  gam  grove.  He  did,  however,  -ay  that  his 
father  was  road  foreman  when  the  Sate  1  r.  e  r  -  A  inline  Road  was  built  in  1?0C -C 1 
and  ti^at  it  had  followed  an  old  trail.  He  also  mentioned  a  campground 
along  this  trail  at  Greens  Eaycu.  The  Glue tr.er-ALrl  ire  Read  served  the 
old  Willow  community  at  WLllcw  Creek  as  well  s  other  residents  cJLo:ig 
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the  creek,  before  Huff smith,  Tomball  and  other  settlements  to  the  north 
were  established  along  railroad  lines. 

As  early  as  1 848,  businessmen  in  Houston  began  improving  a  road  to 
Montgomery  County,  probably  to  Montgomery  City.  It  is  important  to  note 
that  roads  connecting  North  Harris  County  with  Houston  were  an  essential 
aspect  of  development  of  the  area  from  1850  to  the  present.  Boads 
running  west-east  were  not  developed  systematically  with  capital  investmer. 
The  1920  topographic  sheet  shows  clearly  how  difficult  travel  was  in  that 
direction. 

The  evidence,  insubstantial  as  it  is,  suggests  that  a  wagon  camp  at 
the  sweetgun  grove  would  have  been  along  a  trail  that  traveled  r.orth-scuth 
In  fact,  owing  to  the  pattern  of  settlement  in  the  19th  century,  a  read 
most  likely  would  have  turned  toward  the  northvrest  at  about  Willow  Creek. 
The  evidence  further  suggests  that  such  a  trail  would  have  been  in  use 
between  about  18 50  and  1920  and  that  it  probably  followed  the  general 
Stuecner- Airline  route. 

Geographic  Evidence 

I  have  been  unable  to  find  a  history  of  wagcr.eering  cr  teamstering 
in  this  part  of  Texas,  but  some  books,  such  as  Dr.  John  Lockhart's 
Sixty  Tears  on  the  Brazes,  have  useful  information.  Lockhart  writes  that 
as  early  as  the  lSUO's  cotton  was  being  shipped  into  Houston  via  ox  trains 
and  that  the  trip  was  slow,  in  part  because  the  oxen  were  driver,  only  5 
or  6  hears  a  day.  Another  writer,  Dr.  Ferdinand  Roemer  makes  clear  why 
travel  by  cx  tear,  was  slow.  He  points  out  that  the  prairie,  being  rocrly 


drained, 

was 

often  boggy, 

making 

slcw- 

going 

at  certain  tir.es  of 

Oxer,  are 

rat 

urally  slower 

moving 
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mules 

which  were  used  cr.  .1 

t  %  .  -i  -i  t->  '  ► 

are 
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:u?.ve  cr 
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■  feet 
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Further,  oxen  can  subsist  entirely  on  the  grass  found  locally.  Roemer 
estimates  that  oxen  traveled  10  to  15  miles  per  day.  He  also  mentions 
that  wagon  camps  were  often  in  groves  of  trees  where  fuel  and  shelter  could 
be  found.  Finally,  McComb  ( 1969:31)  cites  a  number  of  newspaper  articles 
which  graphically  describe  the  problems  of  early  transport  into  Houston: 

The  Morning  Star  noted  in  19^-2,  for  instance,  that  although 
teams  arrived  daily,  they  could  travel  only  six  to  eight 
miles  per  day.  They  had  to  wait  at  flooding  streams  eight 
to  ten  days,  and  one  wagon  from  Independence  had  been  so 
detained  for  thirty  days.  Wagons  sank  one  to  two  feet  in 
mud  in  bad  spots  and  at  times  rain  inundated  the  prairie. 

In  18^6,  sheets  of  water,  two  to  three  feet  deep  and  four  to 
five  miles  wide,  covered  the  Richmond  Road. 

It  should  be  noted  that  the  gum  grove  at  the  airport  sits  out  into  the 
prairie  well  away  from  the  nearest  trees.  In  this  location  it  is  ar. 
obvious  landmark  and  provides  the  requisites  of  a  good  campsite:  shelter, 
fuel  and  abundant  grazing  in  the  vicinity  on  land  that  was  not  farmed  ur.ti? 
the  middle  20 th  century. 

If  we  consider  the  location  of  the  grove  in  relation  to  ether  campsites 
we  find  that  it  is  appropriately  placed  for  ox  teams.  Assuming  a  trail 
along  the  Stuebner- Airline  route,  with  downtown  Houston  at  Buffalo  Bayou 
as  the  terminus,  the  Greens  Bayou  camp  is  seme  13  miles  distant;  the  gar. 
grove  is  11  to  12  miles  farther;  ar.d  Mew  Kentucky  is  another  13  miles. 

These  campgrounds  may  represent  maximum  stages  in  good  weather.  Turing 
wet  weather  intermediate  campgrounds  would  have  been  used.  The  grove  is 
approximately  where  one  would  predict  it  to  be,  a 
cl  oxer,  mo  and  from  Houston. 
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The  Archeological  Problem 

It  would  be  possible  to  determine  whether  the  sweetgum  grove  has  been 
used  as  a  campsite  for  wagon  trains,  and  when.  The  identification  ar.d  dating 
of  the  campsite  require  sufficient  artifacts  specific  to  wagoneering 
and  capable  of  being  dated. 

Archeological  investigation  would  require  mowing  and  cutting  of  all 
vegetation  close  to  the  ground,  preferably  followed  by  grazing  or  raking 
to  remove  all  litter  from  the  ground.  The  end  of  the  growing  season  is 
the  ideal  time  for  this  work.  Following  clearance,  the  ground  should  he 
searched  with  metal  detectors  in  such  a  way  that  any  pattern  of  distribution 
of  artifacts  could  be  discerned  and  recorded.  Following  preliminary 
analysis  of  this  material,  excavations  should  be  made  in  appropriate  places 
to  enlarge  the  collection  of  artifacts  and  escpeially  to  recover  r.cr.-r.etall ic 
material. 

If  suitable  artifacts  can  be  recovered,  it  might  be  appropriate  tc 
prepare  an  informative  pamphlet  and  construct  a  display  at  the  airport 
or  at  the  grove. 


Recommendations 


During  development  of  the  airport,  care  should  be  taker,  to  avoid 
damage  to  the  grove.  It  clearly  has  local  historical  significance  as  a 
legendary  wagon  train  campsite  and  it  may  have  beer,  associated  with 
San  Houston.  Apart  from  these  historical  associations,  the  grove  is  a 
relict  of  19th  century  vegetation,  ar.  "island"  of  trees  ir.  the  midst  of 
a  prairie.  The  chief  interest,  however,  is  in  determining  whether  the  site 
is  what  local  tradition  holds  it  to  be. 
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If  there  is  tangible  evidence  of  an  old  wagon  trail  in  the  sweetgum 
grove  it  should  be  preserved  as  an  unusual  and  important  record  of  the 
development  of  North  Harris  County.  The  fact  that  the  history  of  wagoneering 
has  yet  to  be  -written  is  perhaps  sufficient  justification  in  itself  to 
preserve  these  traces.  Inasmuch  as  there  is  doubt  about  the  grove,  it 
ought  to  be  systematically  and  carefully  examined  for  historic  artifacts 
and  any  other  evidence  that  will  provide  a  definitive  identification.  If 
material  is  found,  additional  historical  research  should  be  undertaken  to 
attempt  to  pat  the  artifacts  in  their  correct  historical  context.  The 
archeological  work  is  relatively  straightforward  but  the  historical 
research  may  be  very'  time-consuming;  consequently  I  recommend  that  the 
archeology  be  acne  first. 
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Figure  2.  Houston  region  showing  location  of  Hooks  Airport  in  relation  to 
Harrisburg  and  the  routes  from  Montgomery  and  North  Harris 
Counties  into  Houston, 
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SECTION  I  -  PROJECT  DESCRIPTION  AND  PURPOSE 
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As  a  rssult  of  1)  ths  significant  growth  in  gsnsral  aviation 
in  Harris  County,  2)  ths  potsntial  nssd  for  public  ownership  of  a 
gsnsral  aviation  airport,  and  3)  ths  requirement  for  long-range 
planning  to  better  define  the  nature  of  facilities  to  satisfy  pro¬ 
jected  aircraft  demand,  the  Harris  County  Commisioners'  Court  made 
application  for  and  was  offered  a  grant  from  the  Federal  Aviation 
Administration  (FAA)  for  the  purpose  of  developing  an  Airport 
Master  Plan  for  the  northwestern  area  of  Harris  County.  The 
county  formally  accepted  the  grant  on  September  5,  1977  and 
engaged  Turner  Collie  6  Braden  Inc.  to  prepare  the  Master  Plan. 

As  an  integral  part  of  the  planning  process,  this  Environ¬ 
mental  Impact  Assessment  Report  ( EIAR)  focuses  on  the  anticipated 
impact  of  public  acquisition  and  expansion  of  David  Wayne  Hooks 
Memorial  Airport  (Hooks)  as  the  recommended  site  within  the  north¬ 
western  region  of  the  county  for  the  general  aviation  facility. 

Mr.  Charles  G.  Hooks,  Jr.  owns  Hooks  Airport  which  is  located  on 
Stuebner  Airline  Road  near  its  intersection  with  Spring  Cypress 
Road.  Exhibit  1  is  a  vicinity  map  of  the  area. 

Hooks  currently  has  a  primary  5,340-foot  long,  110-foot  wide 
runway  and  a  parallel  secondary  2,500-foot  long,  40-foot  wide 
runway.  In  addition,  a  seaplane  landing  area  2,600  feet  long  and 
100  feet  wide  is  located  at  Hooks.  Existing  based  aircraft  are 
shown  in  Table  1.  Over  the  next  20  years  based  aircraft  and 
general  aviation  operations  are  forecasted  to  increase  to  the 


levels  shown  in  Tables  2  and  3  respectively,  necessitating 
expansion  at  Hooks  to  include  the  facilities  shown  in  Table  4. 
Development  will  cause  certain  environmental  effects  that  are 
addressed  herein.  This  EIAR  meets  the  requirements  of  the 
National  Environmental  Policy  Act  of  1969,  guidelines  of  the 
Council  of  Environmental  Quality,  and  FAA  order  1050. IB, 
"Policies  and  Procedures  for  Considering  Environmental  Impacts. 


TABLE  1  -  CURRENT  BASED  AIRCRAFT 

D.W.  HOOKS  MEMORIAL  AIRPORT 

Type 

Single  Engine 
Multi-Engine 
Piston 
Turbo  Prop 
Turbo  Jet 
Rotorcraf t 
TOTAL 


TABLE  2  -  BASED  AIRCRAFT  FORECAST 

D.W.  HOOKS  MEMORIAL  AIRPORT 


1982 

1987 

Single  Engine 

231/252 

260 

Multi-Engine 

Piston 

56/61 

68 

Turbo  Prop 

13/15 

24 

Turbo  Jet 

15/16 

30 

Rotorcraf t 

15/16 

18 

TOTAL 


330/360 


400 
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TABLE  3  -  ANNUAL  OPERATIONS  FORECAST 

D.W.  HOOKS  MEMORIAL  AIRPORT 

1982 

1987 

1997 

Single  Engine 

121,275/132,300 

136,500 

139,125 

Multi-Engine 

Piston 

23,240/25,315 

29,240 

34,650 

Turbo  Prop 

6,240/7,200 

11,640 

17,640 

Turbo  Jet 

6,600/7,040 

13,500 

24,225 

Rotorcraf t 

14,250/15,200 

17,100 

19,950 

TOTAL 

171,605/187,055 

207,980 

235,590 

i 
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rABLE  4  -  AIRPORT  DEVELOPMENT  SCHEDULE 
D.W.  HOOKS  MEMORIAL  AIRPORT 

First  Phase  Improvements  (1978-1982) 

1980 

•  Overlay  existing  airport  pavement  where  needed. 

a  Construct  general  aviation  hangars  to  accommodate  47  additional 
aircraf  t. 

o  Construct  apron  area  and  runway  access  taxiway. 
a  Install  security  fencing. 

■>  Install  visual  aids. 

o  Extend  taxiway  parallel  to  existing  runway. 
a  Demolisn  existing  earn. 

o  Remove  existing  taxiway  pavement  and  road  where  indicated 
on  Airport  Layout  Plan. 

o  Acquire  undeveloped  adjacent  .and  and  cctam  easements, 
approximately  752  acres  for  new  runway  and  c.ear  zones. 

o  Fill  and  level  lake  to  provide  runway  safety  area. 

1981 

a  Construct  genera,  aviatiur.  nangars  to  accommodate  28  additional 
aircraft. 

1982 

o  Construct  general  aviation  nangars  to  accommodate  33  additional 

aircraft. 

Second  Phase  Improvements  (1981-198') 

a  Construct  6,000-foot  parallel  runway  with  associated  taxiways. 
a  Install  precision  approach  navigational  and  .suai  aids. 
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TABLE  4  (Cont’d) 

o  Construct  general  aviation  hangars  to  accommodate  35  additional 
aircraft. 

o  Construct  crash,  fire,  and  rescue  building. 

Third  Phase  Improvements  (1988-1997) 

o  Construct  general  aviation  hangars  to  accommodate  50  additional 
aircraft. 


'  i 


> ■ 


SECTION  II  -  PROBABLE  ENVIRONMENTAL  IMPACTS 
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This  section  addresses  the  expected  environmental  impacts 

I 

expected  to  result  from  current  and  forecasted  aviation  activities 
at  Hooks  airport.  The  majority  of  the  property  surrounding  Hooks 
is  undeveloped/  lightly  populated  farm  land;  however,  some 
residential  development  is  present  in  the  area.  Consequently, 
the  existing  environmental  quality  is  good  to  excellent  proximate 
to  the  airport. 

Environmental  effects  of  development  covered  in  this  section 
include: 


II-l 

Noise 

1 1-2 

Air  Quality 

II-3 

Water  Quality 

II-4 

Social  Impacts 

II-5 

Induced  Socioeconomic  Impacts 

1 1-6 

DOT  Section  4(f) 

1 1-7 

Historic  and  Archeological  Sites 

1 1-8 

Flood  Hazard  Evaluation 

1 1-9 

Considerations  Relating  to  Wetlands 

and  Coastal  Areas 

11-10 

Energy  Supply  and  Natural  Resources 

Development 

11-11 

Construction  Impacts 

11-12 

Wildlife  and  Fowl 

11-13 

Impacts  Relating  to  Endangered  and  1 

of  Fauna  and  Flora 

Threatened  Species 

11-14 

Light  Emissions 
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1 1-1  Non* 

The  January  1978  edition  of  the  FAA's  Integrated  Noise  Model 
(INM)  was  used  to  obtain  noise  contour  data  for  the  anticipated 
mix  of  operations  at  Hooks  for  1978,  1982,  1986,  1987,  and  1997. 

The  Day-Night  Level  (Ldn)  in  decibels  was  the  metric  chosen  for 
the  contour  envelopes.  Ldn  is  the  average  noise  level  integrated 
over  a  24-hour  period.  Appropriate  weightings  are  applied  for 
noise  occurring  in  the  daytime  and  nighttime  periods.  For 
example,  a  ten  decibel  penalty  is  applied  for  nighttime  operations. 
The  65  Ldn  level  is  approximately  equivalent  to  noise  levels 
which  might  be  expected  in  a  noisy  urban  environment.  Studies  of 
noise  annoyance  conducted  by  several  agencies  and  reported  by  the 
Environmental  Protection  Agency  (EPA)(D  indicate  that  noise  levels 
beyond  that  range  may  result  in  significant  complaints  from  area 
residents.  The  75  Ldn  contour  approximates  the  downtown  area  in 
a  noisy  metropolis. 

A  review  of  the  noise  contour  plots  contained  in  Exhibits  4 
through  8  reveals  that  for  1978  and  1982  only  a  65  Ldn  contour 
appears,  due  to  the  lower  number  of  aircraft  operations  in  those 
two  years.  The  1978  contour  (Exhibit  4)  is  confined  to  the  exist 
ing  airport  boundaries;  however,  the  increase  in  operations 

( 1 ) Information  on  Levels  of  Environmental  Noise  Required  to  Pro¬ 
tect  Public  Health  and  Welfare  with  an  Adequate  Margin  o£ 

Safety,  EPA  5$d/9-74-004 ,  March  1974. 
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forecasted  for  1982  causes  the  envelope  to  extend  off  the  southern 
airport  boundary  about  1,600  feet  and  off  the  northern  boundary 
900  feet.  To  the  north  and  south  the  overlap  is  into  undeveloped 
farm  land. 

Although  1986  was  not  specified  as  one  of  the  time  frames 
for  this  report,  1986  is  the  year  at  which  Hooks  is  expected  to 
reach  its  operational  capacity  if  no  new  runway  is  built.  Thus, 
the  1986  noise  contour  presents  the  "do  nothing"  alternative  that 
can  be  used  to  compare  the  impacts  of  noise  both  with  and  without 
a  second  parallel  runway.  Review  of  the  1986  noise  envelope  shows 
that  two  contours  appear  for  1986 — 75  Ldn,  closest  to  the  runway, 
and  65  Ldn.  The  75  Ldn  stays  within  the  existing  airport  property 
line  while  the  65  Ldn  extends  outside  by  3,600  feet  to  the  south 
and  1,900  feet  to  the  north. 

In  1987,  the  addition  of  a  parallel  runway,  coupled  with 
increased  operations,  causes  a  significant  widening  and  lengthening 
of  the  65  Ldn  contour.  Although  the  northernmost  portion  of  the 
contour  stays  within  700  feet  of  the  property  line  for  Hooks,  the 
southernmost  contour  lies  some  7,200  feet  outside  the  property 
line.  The  land  inside  the  contour  presently  consists  mainly  of 
undeveloped  farm  land;  however,  easements  or  land  acquistion 
would  be  necessary  to  prevent  encroachment  into  the  noise  sensi¬ 
tive  area  of  the  runway  by  residential,  business,  or  recreational 
development.  The  75  Ldn  runs  300  feet  to  the  south  of  the  existing 
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airport  boundary,  while  to  the  north  the  contour  stays  inside  the 
current  property  line.  Since  the  75  Ldn  line  remains  so  close  to 
the  proposed  6,000-foot  runway,  the  contour  would  remain  within 
the  expected  airport  boundaries,  assuming  additional  land  is 
acquired  in  accordance  with  Table  4. 

Exhibit  8  presents  the  1997  noise  situation.  The  65  Ldn  has 
again  expanded  and  widened.  The  southernmost  contour  extends  past 
Spring  Cypress  Road  about  8,000  feet  from  the  existing  runway. 

To  the  north,  the  65  Ldn  lies  1,800  feet  off  the  airport  site. 

The  75  Ldn  is  3,500  feet  to  the  south  of  the  Hook's  boundary 
and  stays  inside  the  property  line  to  the  north. 

Table  5  is  a  summary  of  areas  enclosed  by  the  noise  contours 
for  each  year  included  in  this  EIAR.  The  principal  reason  for 
the  progressive  increase  in  bounded  areas  is  the  increase  in  the 
forecasted  number  of  aircraft  operations  for  each  year. 


TABLE  5  -  SUMMARY  OP  AREA  ENCLOSED  BY  NOISE  CONTOURS 
D.W.  HOOKS  MEMORIAL  AIRPORT 


Acres  Enclosed 

65  Ldn 

Acres  Enclosed  75  Ldn 

With  New 

without  New 

With  New  Without  New 

Year 

Runway 

Runway 

Runway 

Runway 

1978 

102 

102 

0 

0 

1982 

173 

173 

0 

0 

1986 

275 

275 

32 

32 

1987 

6  02 

275 

57 

32 

1997 


806 


275 


77 


32 


13 


I 1-2  Air  Quality 

The  impact  on  the  surrounding  air  quality  of  the  increased 
operations  at  Hooks  will  not  be  significant  with  the  exception 
of  air  pollution  that  would  come  about  during  construction  of  the 
new  runway.  Construction  impact  on  air  quality  can  be  minimized 
by  following  quidelines  set  forth  in  FAA  Advisory  Circular 
150/5370-7,  "Airport  Construction  Controls  to  Prevent  Air  and 
Water  Pollution. " 

Data  shown  in  Table  6  compare  the  impacts  from  the  proposed 
improvements  to  the  Ambient  Air  Quality  and  National  Air  Quality 
Standards.  Review  of  the  data,  in  fact,  demonstrates  the  minimal 
effect  of  Hook's  aircraft  on  the  surrounding  air  quality.  The 
technique  used  to  derive  Table  6  is  described  in  Appendix  B. 

Although  increased  surface  traffic  would  be  expected  in  the 
immediate  vicinity  of  Hooks  Airport  over  the  periods  of  this 
report,  the  change  in  air  quality  on  an  areawide  basis  due  to 
the  automobiles  will  not  be  significant.  Presumably,  the  majority 
of  persons  basing  aircraft  at  Hooks  are  already  operating  their 
private  vehicles  somewhere  in  northwestern  Harris  County.  The 
incremental  impact  on  air  quality  of  these  persons  driving  to 
Hooks  to  fly  is  considered  to  be  negligible  in  comparison  to 
their  normal  daily  driving  within  the  study  area. 


I 
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I 1-3  Water  Quality 

The  forecasted  increase  in  operations  at  Hooks  is  expected  to 
create  slightly  greater  usage  of  the  existing  sanitary  treatment 
facilities,  which  consist  of  a  septic  tank  and  drain  field.  This 
increased  usage  will  not  significantly  change  groundwater  quality 
in  the  surrounding  area.  During  the  construction  period  the 
contractor  will  be  required  to  comply  with  directives  of  the 
project  engineers  and  FAA  Advisory  Circular  150/5370-7,  "Airport 
Construction  Controls  to  Prevent  Air  and  Water  Pollution."  Little 
additional  surface  runoff  due  to  the  construction  of  the  parallel 
runway  in  1987  is  anticipated. 

I 1-4  Social  Impacts 

No  socially  adverse  impacts  will  occur  as  a  result  of  develop 
ment  at  Hooks.  Easements  can  be  used  to  prevent  encroachment  by 
incompatible  land-use  regions  into  noise-sensitive  areas  in  1987 
and  1997  so  that  no  displacraent  of  people  or  businesses  or  disrup¬ 
tion  of  established  communities  should  occur.  No  modification  of 
existing  surface  traffic  patterns,  with  the  exception  of  the 
widening  of  Stuebner  Airline  Road  proximate  to  Hooks,  will  occur. 

I I- 5  Induced  Socioeconomic  Impacts 

Since  the  air  traffic  at  Hooks  will  not  include  air  carriers, 
little  secondary  economic  expansion  will  occur  near  Hooks  as  a 
result  of  the  proposed  development.  Also,  Hooks  presently  exists 
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as  a  viable  airport  so  no  shifts  in  population  growth  or  forced 
movement  of  people  will  occur.  Some  slight  economic  growth  in 
the  area  will  likely  result  as  businesses  such  as  fixed  base 
operators  and  flying  schools  increase  their  scope  of  activities 
to  handle  maintenance  of  a  greater  number  of  based  aircraft  and 
higher  demand  for  flight  instruction  respectively.  Additional 
economic  development  that  may  occur  off  the  airport  site  is  not 
clearly  attributable  to  the  airport  expansion.  As  noted  above,  no 
air  carrier  service  is  forecasted  for  Hooks,  so  the  vast  majority 
of  the  air  traffic  will  be  business  oriented.  This  type  of 
operation  will  provide  minimal  economic  stimulus  to  the  area 
itself.  The  major  economic  growth  in  northwestern  Harris  County 
will  occur  as  a  result  of  the  continual  growth  in  resident  popu¬ 
lation  and  not  because  of  expansion  of  Hooks  Airport. 

I 1-6  DOT  Section  4(f)  -  Public  Lands 

The  use  or  acquisition  of  public  lands  will  not  occur  under 
the  planned  development  at  Hooks.  DOT  Section  4(f)  is  not 
applicable. 

I 1-7  Historical  and  Archeological  Sites 

Dr.  Frank  Hole  of  the  Rice  University  Department  of  Anthro¬ 
pology,  under  contract  to  Turner  Collie  &  Braden  Inc. ,  conducted  a 
survey  of  the  Hooks  site  to  determine  the  presence  of  any  objects 
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of  historical,  architectural,  archeological,  or  cultural  signifi¬ 
cance.  Dr.  Hole's  investigation  revealed  that  a  sweetgum  tree 
grove  located  northwest  of  the  existing  runway  may  have  consider¬ 
able  historical  importance.  Dr.  Hole  believes  the  grove  to  be  an 
overnight  wagon  train  campsite  for  travelers  in  the  nineteenth 
century.  In  addition,  Sam  Houston  and  his  army  may  have  camped 
at  the  grove  on  the  way  to  San  Jacinto.  In  any  event,  the  develop¬ 
ment  of  Hooks  Airport  will  be  planned  to  preserve  the  sweetgum 
grove.  No  other  sites  of  historical,  archeological,  or  cultural 
significance  will  be  affected  by  expansion  at  Hooks.  Dr.  Hole's 
report  is  Appendix  C  hereto. 

I 1-8  Flood  Hazard  Evaluation 

Review  of  the  flood  plain  information  for  Willow  Creek,  which 
is  the  only  major  stream  in  the  vicinity  of  Hooks,  indicates  that 
the  proposed  runway  improvement  will  not  encroach  upon  Willow 
Creek's^2)  flood  plain.  No  flood  hazard  problems  are  anticipated  as 
a  result  of  expansion  of  Hooks. 


I 1-9  Considerations  Relating  to  Wetlands  and  Coastal  Zones 

Development  of  Hooks  Airport  will  not  include  the  utilization 
of  wetlands  or  coastal  zones  or  affect  any  land  or  water  covered 
by  a  state  coastal  management  program. 


( 2^Flood  Plain  Information,  Spring  and  Willow  Creeks,  Houston 
Metropolitan  Area,  Texas,  Prepared  for  Harris  Soil  and  Water 

e  U . S .  Army  Corps 
Texas,  June  1972. 


I I— 10  Energy  Supply  and  Natural  Resources  Development 

The  effect  on  energy  supply  and  natural  resources  development 
by  expansion  at  Hooks  is  not  considered  to  be  a  major  environmental 
impact.  However,  construction  to  meet  the  requirements  of  Table  4 
will  involve  expenditure  of  energy  in  the  form  of  gasoline  and 
electricity.  Over  the  longer  term  the  expanded  operations  posture 
expected  will  increase  aircraft  fuel  consumption.  Table  7  depicts 
the  projected  annual  aircraft  gasoline  usage.  Increased  usage  of 
the  runways  will  also  create  a  need  for  additional  airside  mainte¬ 
nance  activities  to  support  both  the  runways  and  the  aircraft. 

These  maintenance  functions  involve  expenditure  of  energy 
resources. 

Electrical  consumption  at  Hooks  to  facilitate  landside  activi¬ 
ties  is  not  expected  to  increase  significantly  over  the  next 
20  years.  As  noted  earlier,  there  will  be  no  air  carrier  flights 
at  Hooks.  Accordingly,  no  "terminal  type"  functions  will  be 
accomplished  (such  activities  would  include  among  others  baggage 
handling,  ticketing,  or  security  checks). 

However,  the  newly  constructed  hangars  will  likely  require 
additional  electrical  power.  In  general,  the  increased  consumption 
of  energy  at  Hooks  for  landside  facilities  is  not  considered  sig¬ 
nificant  in  comparison  to  current  usage. 


The  reader  should  note  that  natural  gas  wells  exist  at  the 
Hook's  site  and  are  used  to  provide  natural  gas  for  the  airport. 
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TABLE  7  -  PROJECTED  AIRCRAFT  FUEL  CONSUMPTION 
D.W.  HOOKS  MEMORIAL  AIRPORT 


Year 

Aircraft  Fuel 

Consumption  (Gallons) 
Without  New  Runway 

Aircraft  Fuel 
Consumption  (Gallons) 
With  New  Runway 

1982 

1,720,000 

— 

1986 

2,260,000 

— 

1987 

2,260,000 

2,400,000 

1997 

2,260,000 

3,660,000 

Notes : 

1.  Airport  will  reach  capacity  level  operations  by  approximately 
1986.  Therefore,  fuel  consumption  without  the  new  runway  will 
remain  constant  after  1986. 


2.  New  runway  will  not  be  available  until  1987. 
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Airport  modification  will  be  planned  to  leave  these  gas  wells 
intact  and  operational. 

11-11  Construction  Impacts 

All  construction  envisioned  for  Hooks  will  be  confined  to  the 

airport  site  (inclusive  of  land  acquisitions  in  the  1983-1987  time 

frame).  Unavoidable  impacts  from  construction  equipment  include: 

.  Noise  on  Site 
.  Solid  Waste 

.  Consumption  of  Building  Materials  and  Energy 
.  Air  Quality  Degradation 

Contract  documents  will  contain  provisions  to  minimize  the 
effects  of  the  airport  improvements.  In  addition,  all  work  will 
be  done  in  accordance  with  FAA  Advisory  Circular  150/5370-7,  "Air¬ 
port  Construction  Controls  to  Prevent  Air  and  Water  Pollution." 

11-12  Wildlife  and  Waterfowl 

Minimal  impact  upon  wildlife  or  waterfowl  will  result  from 
runway  improvements  at  Hooks.  Correspondence  with  the  Texas  Parks 
and  Wildlife  Department  is  contained  in  Appendix  D. 

11-13  Impacts  Relating  to  Endangered  and  Threatened  Species  of 
Fauna  and  Flora 

No  endangered  and  threatened  species  of  fauna  and  flora  exist 
at  the  airport  site. 

11-14  Light  Emissions 

The  addition  of  a  Medium  Intensity  Approach  Lighting  System 
(MALS)  will  be  necessary  to  support  the  approaches  to  runways  17R 


and  35L.  The  approach  to  runway  17R  will  include  Runway  Align¬ 
ment  Indicator  Lights  (RAIL).  Additional  details  of  the  system's 
lighting  components  are  shown  in  Table  8.  Basically,  the  MALS 
consists  of  medium  intensity  nonflashing  lights.  The  RAIL  has 
five  sequenced  flashers  located  1,600  feet  beyond  the  threshold 
of  the  runway  and  successive  units  located  at  each  200-foot 
interval  out  to  2,400  feet  from  the  runway  threshold.  These 
lights  flash  in  sequence  towards  the  threshold  at  the  rate  of 
twice  per  second. 

Runway  End  Identifier  Lights  (REIL)  will  also  be  installed 
at  either  end  of  both  runways.  The  REIL  system  consists  of  two 
synchronized  flashing  lights  located  near  the  runway  threshold 
to  provide  rapid  and  positive  identification  of  the  approach  end 
of  the  runway. 

The  REIL  and  MALS  systems  create  the  light  emissions  that 
could  have  adverse  environmental  impact  on  the  area  surrounding 
Hooks.  The  layout  of  the  lighting  systems  for  the  airport  is 
shown  on  the  Airport  Layout  Plan  (Exhibit  3).  Since  the  land 
surrounding  Hooks  is  mainly  undeveloped  farm  land,  annoyance  from 
light  emissions  is  expected  to  be  minimal. 
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TABLE  8  -  SPECIFICATION  DATA  FOR  LIGHTING  EQUIPMENT 
D.W.  HOOKS  AIRPORT 


Beam  Angle  Intensity 

System  (Degrees )  ( Candelas )  Color 

Medium  Inten-  25  4200  White 

sity  Nonflashing 
Approach  Lights 
(MALS) 

Runway  Align-  360  Horizontal  High-5000+  White 

ment  Indicator  2-10  Vertical  2000 

Lights  (RAIL)  Low-700+200 

Runway  End  Iden-  360  Horizontal  High-5000+  White 

tifier  Lights  2-10  Vertical  2000 

( REIL )  Low-700+200 


Flashing 


2  per 
second 


2  per 
second 


Notes : 

1.  Sources  for  MALS: 

a.  FAA  Advisory  Circular  AC  150/5340-14B,  Economy 
Approach  Lighting  Aids,  Appendix  1,  page  3. 

b.  General  Electric  Lamp  Division  Specification  for  PAR 
38  Spotlight,  150  Watt,  2000-hour  rated  life  at  120 
volts. 


2.  Source  for  RAIL  and  REIL:  FAA  Advisory  Circular  AC  150/5340- 
14B,  Economy  Approach  Lighting  Aids,  Appendix  1,  page  22. 

3.  For  RAIL  and  REIL  systems,  the  effective  intensity  for  the  low 
intensity  position  at  zero  degrees  horizontal  shall  not  exceed 
200  candelas. 
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SECTION  III  -  ACTIONS  TO  MINIMIZE  UN’ VOIDABLE  ADVERSE 
EFFECTS 


III-l  Construction  Impacts 

As  noted  in  the  previous  section,  unavoidable  environmental 
impacts  while  construction  is  underway  at  Hooks  include: 

.  Noise 

.  Degradation  of  Air  Quality  due  to  Operation  of  Heavy 
Equipment 

.  Increased  Solid  Waste 

.  Consumption  of  Building  Materials  and  Energy 
Some  increased  runoff  at  the  site  will  result  with  the  addition 
of  new  runway.  The  above  impacts  can  be  minimized  with  proper 
planning  in  both  the  design  and  construction  phases  of  the  project. 
The  design  and  construction  agents  will  comply  with  the  provisions 
of  FAA  Advisory  Circular  150/5370-7,  Airport  Construction  Controls 
to  Prevent  Air  and  Water  Pollution. 

III-2  Noise 

The  increased  amount  of  noise  is  the  result  of  expanded  oper¬ 
ations  at  Hooks  over  the  next  twenty  years.  In  order  to  lessen 
the  adverse  effects  of  noise,  persons  can  be  notified  of  the 
existence  of  the  noise-sensitive  areas  proximate  to  the  airport. 
Since  the  vast  majority  of  the  property  near  Hooks  is  undeveloped, 
adequate  planning  can  prevent  encroachment  into  noisy  areas  by 
potential  residences  or  businesses.  Where  the  projected  noise 
pattern  affects  existing  noise-sensitive  areas,  owners  of  these 
properties  can  lessen  impact  through  the  addition  of  acoustical 
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insulation.  In  addition,  aircraft  using  Hooks  can  utilize 
adjusted  flight  patterns  or  schedules  that  minimize  noise  effects. 
The  reader  should  also  note  that  the  FAA  INM  used  to  forecast  the 
future  noise  impacts  of  this  report  is  limited  somewhat  because 
only  noise  for  currently  existing  aircraft  are  included  in  the 
data  base.  In  order  to  comply  with  Federal  Aviation  Regulation 
Part  36  future  aircraft  will  be  quieter.  Thus,  the  noise  enve¬ 
lopes  depicted  herein  are  likely  somewhat  exaggerated  from  the 
actual  conditions  that  will  exist  in  1982,  1986,  1987,  and  1997. 

III-3  Light  Emissions 

The  MAJjS  with  RAIL  and  REIL  produces  some  adverse  impact 
during  operation.  Although  no  annoyance  would  be  expected  if  the 
lights  were  installed  at  this  time  due  to  the  undeveloped  nature 
of  the  land  surrounding  Hooks,  some  problems  could  occur  as  that 
land  becomes  occupied  in  the  future.  Comprehensive  developmental 
planning  will  be  necessary  to  minimize  the  adverse  effects  of 
light  emissions. 


SECTION  IV  -  ALTERNATIVES  TO  THE  PROPOSED  PROJECT 
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The  only  alternatives  considered  to  be  technically  feasible, 
economically  justifiable,  and  environmentally  sound  for  Hooks 
Airport  included: 

IV-1  -  Expand  the  airport  by  addition  of  1 )  a  6,000-foot  parallel 
runway,  and  2)  supporting  facilities  to  accommodate 
forecasted  demand. 

IV-2  -  Do  nothing.  Retain  the  existing  runway  configuration, 
thereby  reaching  capacity  level  operations  in  the  mid- 
1980’s. 

The  scope  and  type  of  operations  forecasted  for  Hooks  simply  do 
not  justify  a  more  elaborate  runway  scheme  that  would  provide 
additional  alternatives. 

IV-1  Expand  and  Improve  Hooks  Airport 

Under  this  alternative.  Hooks  Airport  will  acquire  the  addi¬ 
tions  indicated  in  Table  4.  Construction  of  these  facilities, 
in  particular  the  new  runway  with  its  associated  approach  lighting 
system,  will  have  some  adverse  consequences.  Expansion  involves 
expenditure  of  funds  and  resources.  Also,  slight  degradation  of 
air  and  water  quality  will  occur.  Noise  generated  by  aircraft 
using  the  two  runways  will  be  significantly  greater  with  the  new 
parallel  runway  than  without  it.  All  of  these  effects  are 
described  in  detail  elsewhere  in  the  EIAR. 

Benefits  derived  from  the  proposed  development  include: 

.  Increased  capacity  of  the  airport  to  handle  the  forecasted 
demand. 

.  Adequate  runway  length  in  the  event  Hooks  is  even  further 
expanded  to  include  other  types  aircraft. 
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.  Convenience  to  users  since  they  presumably  will  not  have 
to  drive  as  far  to  reach  their  aircraft. 

.  Flexibility  for  noise  abatement  procedures. 

.  Increased  safety  for  pilots  due  to  expanded  navigational 
and  visual  aids. 


IV- 2  Do-Nothing 

This  alternative  assumes  Hooks  will  remain  open,  but  will 
undergo  none  of  the  development  outlined  in  Table  4.  The  "Do- 
Nothing"  approach  allows  for  progressive  increases  in  numbers  of 
flights  up  to  the  airport's  predicted  capacity  which  is  201,600 
operations  per  year.  In  comparison  to  the  previous  alternative, 
this  approach  is  environmentally  attractive  for  the  following 
reasons: 


.  Operational  capacity  of  the  airport  will  be  reached  by 
1986.  Accordingly,  the  annual  impact  on  air  and  water 
quality  and  noise  will  remain  at  about  the  same  level  for 
years  beyond  1986. 

.  No  irretrievable  commitment  of  resources  with  accompanying 
noise,  air  pollution,  and  solid  waste  is  involved. 

Detrimental  affects  of  this  alternative  include: 

.  The  do-nothing  approach  would  fail  to  accommodate  the 

forecasted  needs  after  1986.  Some  users  would  have  to  be 
routed  to  other  local  airports. 

.  Runway  length  limits  aircraft  types  that  can  use  Hooks. 

.  The  operational  scope  of  the  airport  is  limited  to  a 
nonprecision  approach  capability. 
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IV- 3  Summary 

The  do-nothing  alternative  is  considered  to  be  the  most 
environmentally  favorable  alternative  discussed  herein.  The 
adverse  environmental  impacts  are  minimal,  especially  in 
light  of  the  irretrievable  commitment  of  resources  associated 
with  the  expansion  of  the  airport. 
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SECTION  V  -  RELATIONSHIP  BETWEEN  SHORT-TERM  USES  OF 

MAN'S  ENVIRONMENT  AND  THE  MAINTENANCE  AND 
ENHANCEMENT  OF  LONG-TERM  PRODUCTIVITY 


The  short-term  losses  of  the  proposed  development  at  Hooks 
include  those  associated  with  construction.  These  impacts  have 
already  been  discussed  fully.  The  short-term  environmental  impacts 
are  minimal;  but,  they  greatly  broaden  the  future  operations 
available  at  Hooks.  For  example,  the  expansion  allows  for  1)  pro¬ 
gressive  operational  increases  for  the  next  20  years,  2)  increased 
safety  through  additional  navigation  and  visual  aids,  3)  enhanced 
flexibility  for  noise  abatement,  and  4)  greater  convenience  to 
airport  users. 
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SECTION  VI  -  IRREVERSIBLE  AND  IRRETRIEVABLE 
COMMITMENTS  OF  RESOURCES 


With  the  exception  of  energy,  proposed  development  at  Hooks 
involves  no  commitment  of  limited  sources  or  types  of  material. 
Expansion  will  somewhat  curtail  the  range  of  beneficial  uses  of 
the  environment  proximate  to  Hooks  because  the  land  that  is 
acquired  to  support  the  new  facilities  will  be  committed  to  uses 
compatible  with  airport  activities. 


SECTION  VII  -  SUMMARY  OF  IMPACTS 


This  EIAR  has  attempted  to  describe  those  environmental 
impacts  associated  with  comtemplated  expansion  at  David  W.  Hooks 
Memorial  Airport.  The  major  impacts  of  such  development  include 
.  Increased  Noise 

.  Light  Emissions  from  Runway  Lighting  System 
.  Increased  Aircraft  Fuel  Consumption 
Minor  impacts  to  air  and  water  quality  are  also  expected  if  the 
development  is  undertaken. 

In  general,  the  negative  environmental  impact  associated 
with  expansion  is  significant.  Considerable  irretrievable 
resources  will  have  to  be  committed  in  order  to  increase  the 
capacity  at  Hooks.  The  do-nothing  alternative,  even  though 
it  results  in  a  facility  that  will  be  unable  to  fully  handle 
projected  demand  by  the  mid-1980's,  is  more  environmentally 
attractive. 
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Texas  Historical  Commission 

Box  12276.  Capitol  Station 
Austin.  Texas  7871 1 

Tnwtt  LiUvHvr 
Executive  Director 


March  23,  1978 


Ms.  carol  Batie 

Turner  Collie  &  Braden  Inc. 

P.0.  Box  13089 
Houston,  Texas  77019 

Re:  proposed  Airport  Projects:  David  Wayne  Hooks  and  Lakeside 

Harris  county,  Texas 

Dear  Ms.  Batie: 

In  response  to  your  request  concerning  the  above-referenced  under¬ 
taking,  v/e  have  examined  the  maps  and  environmental  information 
sent  to  this  office.  We  conclude  that,  because  of  the  high  likeli¬ 
hood  of  significant  cultural  resources  being  found  in  the  area,  the 
project  site  must  be  surveyed  by  a  professional  archeologist.  To 
accomodate  your  need  in  finding  an  appropriately  trained  specialist 
to  perform  the  survey,  we  are  sending  along  a  list  of  professionals 
that  are  capable  of  performing  this  type  of  service.  Upon  completion 
of  the  survey  and  receipt  of  the  subsequent  report,  we  will  comment 
gn  the  project's  effect  on  cultural  resources. 

Your  attention  to  this  matter  is  appreciated.  if  we  may  be  of  further 
service,  please  advise. 

Sincerely, 

Truett  Latimer 

State  Historic  Preservation  Officer 


Director 

Cultural  Resource  Management 


AKB: la 


I  fc.  ,AS 

Parks  and  Will  life  Department 


COMMISSIONS  MS 

PS ARCS  JOHNSON 
ChAinnan,  Austin 

JOE  K.  FULTON 
Vic*  Chairman.  Lubbock 

3HN  M.  GREEN 
Btaumont 


HENRY  B.  BURKETT 

EXECUTIVE  DIRECTOR 

4200  Smith  School  Road 
Austin,  Texas  78744 


t  OUIR  h  <%!'■*  iM  . 
AiMonm 

JAMES  M  PAXTON 
P.ilestm* 

PERRY  R  BASS 
Fort  Worth 


March  27,  1978 


Ms.  Carol  Batie 

Turner  Collie  &  Braden,  Inc. 

Pose  Office  Box  13089 
Houston,  Texas  77019 

Re:  Lakeside  and  David  Wayne  Hooks  Memorial  Airports  Studies 
Dear  Ms.  Batie: 

In  response  to  your  letters  dated  March  9,  1978,  ve  have  reviewed  your 
requests  concerning  habitat  interference  by  your  project  on  endangered 
species.  We  offer  the  following  comments. 

Neither  of  the  two  study  areas  involve  knewn  areas  of  habitat  involvement 
by  threatened  or  endangered  species.  The  Lakeside  Airport  expansion 
project  is  perhaps  two  (2)  miles  from  suitable  Houston  toad  habitat  in 
upper  Addicks  Reservoir.  Also,  at  Lakeside  there  is  a  possibility  of 
an  alligator  occasionally  wandering  northward  from  South  Mayde  Creek. 

If  we  can  be  of  further  assistance,  please  contact  us. 


Sincerely, 


HBB :MM: lmw 
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TurnerCollie&Braden  Inc 


P  O  Box  1  UlHxJ 
Houston.  Texjx  ~  7 ; ) )  *4 
5757  Woodwax 
(7 1U  780-4100 
Telex  77 -4  I  83 


October  9,  1978 


U.S.  Department  of  Transportation 
Federal  Aviation  Administration 
Office  of  Airports  Programs 
Washington,  D.C.  20591 

Gentlemen: 


In  Technical  Report  FAA-AP-77-1A,  entitled  Environmental  Assessment  of 
Airport  Development  Actions,  a  "Box  .'todel"  (BM)  is  described  for  usage 
in  the  computation  of  air  pollutant  concentrations .  According  to  the 
report,  use  of  the  BM  is  allowed  if  a  project  site  is  not  in  an  area 
for  which  there  is  a  Transportation  Control  Plan  or  which  has  been  desig¬ 
nated  as  an  Air  Quality  Maintenance  Area. 

Within  the  guidelines  noted  above,  we  have  been  using  the  BM  to  help 
assess  the  expected  impact  on  air  quality  of  (1)  new  airports,  or  i2)  expan¬ 
sions  of  existing  airports. 

In  the  discussion  of  the  BM  included  in  Appendix  F  to  the  above  referenced 
report,  we  note  that  the  emission  factor  values  shewn  in  Table  III  include 
an  assumed  wind  speed  of  one  meter  per  second.  Do  you  have  any  information 
at  hand  that  lends  insight  into  how  the  one  meter  per  second  velocity 
was  included  in  the  emission  factors? 
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We  greatly  appreciate  whatever  information  you 
respect  to  the  wind  velocity  aspect  of  the  Box 


can  provide  with 
Model. 


Sincerely, 


Dennis  R. 
Intern 


Topper,  Capt.,  USAF 


DRT:tt 


ConsoitingEng'nevrx  AUxfr-t 
DALLAS 
HOL-xT;  )S 
PORT  AR7MI  R 


DEPARTMENT  OF  TRANSPORTATION 

FEDERAL  AVIATION  ADMINISTRATION 


WASHINGTON,  DC.  20991 


NOV  2  1978 


Capt.  Dennis  R.  Topper 
USAF  Intern 

Turner  Collie  and  Braden,  Inc. 

P.O.  Box  13089 
Houston,  Texas  77019 

Dear  Capt.  Topper: 

Thank  you  for  your  October  9  letter  regarding  the  use  of  the  Federal 
Aviation  Administration's  (FAA)  Box  Model. 

We  have  been  using  the  Box  Model  in  ways  similar  to  the  ones  you  reported. 
However,  be  do  not  have  any  information  cn  the  "one  meter  per  second" 
assumption  beyond  that  found  on  page  1  of  Appendix  F  of  the  Technical 
Report  FAA-AP-77-1A  you  cited  in  your  letter.  As  we  understand  it, 
the  reason  given  for  the  "assumed"  (forward-progressive)  wind  speed  of 
one  meter  per  second  Is  simply  to  denote  a  static  air  condition  at  the 
airport,  thus  denoting  a  "worst  case"  or  near  zero  wind  speed  situation. 

We  have  contacted  the  Environmental  Protection  Agency  group  at  Research 
Triangle  Park,  North  Carolina,  which  prepared  the  original  Model  and 
inputs,  to  try  to  resolve  several  questions  concerning  the  Box  Model 
and  its  uses.  A.s  further  information  is  developed  we  will  gladly  share 
it  with  you. 

Sincerely, 


JOjat'  R.  CCODWIN ,  Chief 

Aixports  Planning  Division,  AAP-400 

Office  of  Airports  Programs 


Turner  Collie&Braden  Inc 


'  i* 

I  Uj-  Ii  /M  [* •  x  . 
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January  24,  19  79 


Federal  Aviation  Administration 
INM  Bulletin 

Office  of  Environmental  Quality 
AEQ-110 

300  Independence  Avenue,  S.W. 
Washington,  D.  C.  20591 

Gentlemen : 


We  have  been  using  the  FAA's  Integrated  Noise  Model  (IN” 
predict  the  composite  noise  energy  gtne rated  by  i)  opera 
at  new  airports  and  2)  expanded  operations  at  existing  a 
We  have  used  both  the  contour  and  grid  analysis  modes  vi 
contour  mode  being  the  primary  usage. 


i  * 
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Occasionally,  our  clients  have  asked  us  if  the  IN':*,  has  ever 
verified  in  some  manner.  Our  response  has  been  that  "valid 
is  underway"  based  upon  a  comment  in  the  January  19 “3  editi 
the  INM 1  s  Basic  User's  Guide  (Report  FAA-EQ-73-0  i.<  .  Cn  par 
you  state,  "A  validation  study  of  the  INM  is  currently  in  p 

If  the  validation  study  has  been  completed  we  are  very  or. to 
in  reviewing  not  only  the  final  results  but  also,  the  re  the 
behind  the  verfication  orccess. 


Would  you  please  forward  us  any  information  you  may  have  ab 
validation  of  the  INM? 

Your  cooperation  in  this  matter  will  be  greatly  appreciated 
Sincere  ly , 

Dennis  R.  Topper,  Captain,  USAF 
Intern 

DRT : ds 


:  j  m  i  ^ 
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DEPARTMENT  OF  TRANSPORTATION 

FEDERAL  AVIATION  ADMINISTRATION 


February  23,  1979 

Captain  Dennis  R.  Topper 
Intern,  United  States  Air  Force 
Turner  Collie  a  Braden,  Inc. 

P.0.  Box  13089 
Houston,  Texas  77019 

Dear  Captain  Topper: 

i lie  Integrates  Noise  Model  (INM)  validation  study  to  which  you  referrea 
to  in  your  letter  of  January  24  is  ongoing. 

.he  purpose  of  the  study  is  to  obtain  and  analyze  empirical  noise  data 
from  the  permanent  noise  monitoring  system  of  Dulles  International  and 
Wasnington  National  Airports  to  determine  the  accuracy  of  the  INM.  The 
analysis  focuses  on  a  comparison  between  measured  noise  levels  at 
monitoring  microphone  locations  and  computer  noise  levels  at  the  same 
locations  using  actual  operations  and  flight  track  data  as  input  to  the 

i:.m. 

The  initial  phase  of  tiie  project  established  the  proof  of  concept  of  the 
statistical  procedures  for  the  data  comparisons.  The  present  phase  of 
the  project  is  concerned  with  tne  refinement  of  the  definition  of  the 
aircraft  types  being  monitored  at  the  two  area  airports.  Preliminary 
comparison  results  have  been  produced  in  conjunction  with  the  beginning 
peases  of  tiie  project.  However,  no  results  will  be  publishec  until 
statistical  confidence  is  establ isned  . 

Independent  of  the  agency's  validation  study,  short-term  validation 
studies  nave  been  conducted.  The  enclosed  letter  between  Bolt,  Beranek 
ano  Newman,  Inc.,  and  the  Massachusetts  Port  Authority  indicates  one 
such  study.  Because  of  the  small  sample  size  involved  in  the  anaivsis, 
the  statistical  confidence  of  the  results  is  limited.  A  signif icantly 
i’rge  s  am  ale  of  data  is  aeeueu  to  estnoiisn  nign  confluence  in  tne 
results.  A  large  sample  of  aircraft  noise  data  can  be  obtained  oniv 
over  a  large  period  of  time. 

Your  interest  in  tne  I..H  is  appreciated.  If  we  can  be  of  further  help, 
please  advise. 

Sincerely , 

V  y  ■  •  "  •  '  ' 

I  nOFiAS  L.  CONNOR 
Operations  Researcn  Analyst 
Office  of  *  nvironiTie.it  anu  unerg'.' 

^nu  Losure 


WASHINGTON,  D.C.  20591 


50  Mojlton  Street 
Cantb'iase.  Wits  02135 
Telephone  (617)  <911660 
Telex  No  92-1A70 

Bolt  Beranek  and  Newman  Inc. 


26  December  1978 


Ms.  Donna  Berman 
Massachusetts  Port  Authority 
Logan  International  Airport 
East  Boston,  Mass.  02128 

Dear  Donna:  _  _ _ 

We  have  reviewed  the  existing  noise  measurement  data 
collected  by  Massport  during  the  operational  testing 
of  the  alternative  departure  procedures  for  22R  and 
fefij.  that  no  additional  measurements  need  be  made  for 
the  purpose  of  validating  the  Integrated  Noise  Model 
(INM).  Although  this  does  not  preclude  the  possibility 
that  you  may  want  to  carry  out  additional  monitoring 
in  response  to  community  requests,  the  data  collected 
to  date  do  provide  reasonable  support  for  the  INK. 

Our  conclusion  is  based  on  examination  of  the  aircraft 
altitude  information  taken  from  the  ARTS  III  radar 
scope  as  well  as  on  the  peak  sound  levels  measured  at 
each  of  the  monitoring  sites.  Since  cur  previous  work 
had  shown  that  the  noise  environment  around  Logan  was 
dominated  by  the  727,  we  concentrated  on  the  noise 
and  performance  data  for  that  aircraft.  Because  of 
the  121 'z  significance,  any  error  in  the  INK  data  base 
for  t'hat  aircraft  would  thus  have  the  greatest  influence 
on  the  accuracy  of  cumulative  noise  exposure  calculations 
made  by  the  INM. 

Comparing  the  recorded  altitudes  with  the  altitude  profiles 
in  the  INK,  we  found  that  the  INM  resulted  in  an  average 
underprediction  of  about  150  feet  in  the  slant  distance  to 
the  aircraft  from  the  measurement  position.  This  in  turn 
would  result  in  an  average  overprediction  of  about  0.3  dB 
for  single  event  noise  levels,  due  solely  to  differences 
in  altitudes. 


•Ks.  Donna  Berman 
Massachusetts  Port  Authority 
26  December  1978 
Page  2  of  2 


We  should  point  out,  however,  that  the  profiles  in  the 
INM  are  for  the  old  ATA  takeoff  procedures.  The  power 
cutback  under  that  procedure  occurred  at  1500  feet. 

Under  the  new  procedure  being  flown  now,  aircraft  begin 
their  cutback  at  1000  feet  and  thus  tend  to  be  slightly 
lower  in  altitude  on  departure.  With  the  INM  modified 
to  account  for  the  new  procedures,  the  underprediction 
of  altitude  and  resulting  overprediction  of  sound  level 
would  thus  be  slightly  greater  than  we  have  found  here. 

We  next  compared  noise  leveTs^at  those  monitoring 
positions  where  altitude  information  was  also  available. 

To  compare  levels,  however,  the  measured  peak  A-weighted 
sound  levels  were  converted  to  Sound  Exposure  Levels  by 
adding  an  adjustment  to  account  for  duration.  This 
adjustment  was  necessary  since  the  INK  uses  Sound  Exposure 
Levels  in  the  calculation  of  L^.  In  this  case,  we  found 
that  the  INK  resulted  in  an  average  underprediction  of 
the  measured  levels  by  about  1.3  dB.  Although  the  causes 
of  this  diffei’ence  cannot  be  isolated,  the  underprediction 
could  easily  be  due  to  variations  in  thrust  settings  or 
in  sound  propagation  between  the  measurement  conditions 
and  modelling  conditions. 

Finally,  when  we  add  together  the  errors,  we  note  that 
the  model  results  in  a  total  average  underprediction  of 
about  1.0  cB.  The  actual  range  of  errors  over  all  of 
the  monitoring  sites  is  from  an  underprediction  of  5-^  63 
to  an  overprediction  of  3-7  dB.  Given  the  fact  that  var¬ 
iables  such  as  thrust,  speed,  and  weight  were  unknown 
during  the  measurement  program,  we  consider  this  to  be  very 
reasonable  agreement.  We  would  also  add  that  even  better 
correlation  should  be  achieved  when  the  INK  is  corrected 
to  account  for  the  new  ATA  procedure. 

In  summary,  we  believe  the  data  collected  do  validate  the 
INM  and  help  to  justify  its  use  as  a  tool  in  evaluating 
the  22R  departure  alternatives,  just  as  the  measurements 
themselves  will  prove  useful  in  the  evaluation. 

Very  sincerely, 

BOLT  BERANEK  AND  NEWMAN  INC. 

Robert  L.  Miller 


RLM/cmm 
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INTRODUCTION 

In  March  of  1978  Turner  Collie  &  Braden  Inc. ,  hereafter 
referred  to  as  the  "Engineers,"  entered  into  a  contract  with  the 
City  of  Houston  to  prepare  a  Master  Plan  for  Sanitary  Sewerage 
for  the  Northside  Service  Area  of  the  city.  The  Engineers  last 
updated  the  Master  Plan  in  1965.  Revision  at  this  time  is  needed 
to  incorporate  current  and  future  trends  plus  recent  improvements 
to  the  system. 

This  interim  report  of  progress  on  the  Master  Plan  is  in  two 
parts.  Part  One  describes  the  methodology  behind  and  summarizes 
the  results  of  the  flow  projection,  deficiency  identification,  and 
a  portion  of  the  alternative  evaluation  efforts  associated  with 
the  preparation  of  the  Plan.  Part  Two  contains  a  more  detailed 
presentation  of  the  assumptions,  results,  and  recommendations  of 
the  Master  Planning  efforts  through  May  1979. 

PART  ONE:  METHODOLOGY  BEHIND  THE  PLAN  AND  SUMMARY  OF  FINDINGS 

Basically  the  preparation  of  the  Master  Plan  for  Sanitary 
Sewerage  in  the  Northside  Area  has  involved  the  establishment 
of  a  reliable  data  base,  and  projection  of  flows  to  the  years 
1983,  1990,  and  2000.  In  addition,  the  Engineers  have  made  a 
comparison  of  the  forecast  sanitary  sewage  quantities  to  the 
respective  sewer  line  capacities  within  the  Northside  network 
in  order  to  identify  overloaded  segments.  The  procedure 
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associated  with  the  development  of  the  Master  Plan  has  been 
as  follows: 

a.  Establish  the  boundaries  of  the  system. 

b.  Determine  the  network  of  sewer  lines  with  diameter 
greater  than  12  inches. 

c.  Divide  the  network  into  subareas  and  minisystems. 

d.  Project  in  acres  the  land  uses  present  in  each  minisystem 
for  each  of  1983,  1990,  and  2000. 

e.  Develop  flow  factors. 

f.  Project  flows  by  minisystem  and  compare  to  capacity. 

g.  Evaluate  alternatives  to  relieve  overloaded  lines. 

Each  of  these  steps  will  be  explained  in  the  sections  to  follow. 

In  order  to  expf  the  planning  effort  and  allow  for  a  more 

complete  analysis  of  the  system  the  Engineers  developed  a 
computer  program  to  aid  in  steps  "f"  and  "g"  above. 

Northside  Service  Area  Boundaries 

Exhibit  1  depicts  the  area  encompassed  by  the  Northside 
Sanitary  Sewer  System  and  its  major  subsystems.  The  area  is  the 
largest  in  Houston  and  serves  about  half  a  million  people.  Total 
acreage  is  approximately  59,500  acres. 

Sewer  Line  Network 

Exhibit  2  shows  the  existing  collection  system  network  of 
lines  12  inches  diameter  or  greater.  The  system  layout  has  been 
derived  from  past  Master  Plan  Reports,  Sewer  Surveys,  block 
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sheets,  as-built  drawings,  and  field  inspections.  With  the 
information  from  these  references  the  Engineers  computed  the 
capacities  of  the  sewer  lines  in  the  network.  This  data  will  be 
used  later  in  the  Plan  to  identify  those  line  segments  already 
overloaded  or  projected  to  be  deficient  over  the  time  span  of  the 
Plan. 

Division  of  the  Network  into  Subareas  and  Minisystems 

In  order  to  facilitate  the  flow  projection  and  to  better 
highlight  forecasted  deficiencies  the  Engineers  divided  the 
Northside  region  into  nine  subareas  -  A  through  I  as  shown  on 
Exhibit  1.  Their  approximate  boundaries  are  delineated  below. 

Subarea  A  lies  in  the  southeasternmost  part  of  the  Northside 
Service  Area.  Boundaries  to  Subarea  A  include  1)  the  Houston  Ship 
Channel  to  the  east,  2)  Bray's  Bayou  and  the  Kansas  and  Texas 
railroad  tracks  to  the  south  and  west,  and  3)  Buffalo  Bayou  to  the 
north . 

Subarea  B  is  located  in  the  south-central  portion  of  the 
region  and  contains  the  downtown  area  of  Houston.  The  area  is 
bounded  on  the  north  by  Buffalo  Bayou,  U.  S.  Highway  59  to  the 
east,  and  Interstate  Highway  45  to  the  south  and  west. 

Subarea  C  lies  the  farthest  west  of  the  subareas.  Boundaries 
for  Subarea  C  include  the  Hempstead  Highway  and  Interstate  610  to 
the  east,  Memorial  Park  and  Interstate  10  to  the  south,  Bunker 
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Hill  and  Crestdale  roads  on  the  west,  and  Cmnora  and  Kempwood 
Streets  to  the  north. 

Located  in  the  northwest  central  area  of  the  region. 

Subarea  D  has  boundaries  as  follows:  Ella  Boulevard,  Attridge 
Street,  and  T.C.  Jester  Road  to  the  east,  the  Missouri,  Kansas, 
and  Texas  railroad  from  White  Oak  Bayou  to  Hempstead  Road  to  the 
south,  the  Hempstead  Road  to  the  west,  and  Lumberdale,  Bolin, 
and  Northrup  Streets  to  the  north. 

Subarea  E  is  in  the  south  central  region  of  the  Northside 
Service  Area.  The  subarea  is  bounded  by  West  27th  Street  to  the 
north.  Heights  Boulevard  to  the  east,  Buffalo  Bayou  to  the  south, 
and  White  Oak  Bayou  and  Memorial  Park  to  the  west. 

Subarea  F  is  the  largest  in  the  Northside  Sanitary  Sewer 
System.  Boundaries  of  the  subarea  are  as  follows: 

To  the  North  -  Manfield  Road,  Ester  Street,  West  Canino  Road, 
East  Canino  Road,  West  Little  York  Road, 

Junell  Street,  DeWalt  Street,  and  Ferguson's 
Way  Street 

To  the  South  -  Pinemont  Street,  the  North  Loop  610,  West  35th 
Street,  West  27th  Street,  the  Houston  Belt 
and  Terminal  Railroad  Tracks 

To  the  West  -  Wheatley  Street,  Phillips  Street,  Ella 

Boulevard,  Brinkman  Street,  Rosslyn  Road 
East  Hardy  Road 


To  the  East 
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Subarea  G  is  centrally  located  in  the  Northside  Service  Area. 
The  North  Loop  of  Interstate  Highway  610  forms  the  north  boundary 
to  the  subarea.  The  Missouri  Pacific  Railroad  Tracks  are  the 
eastern  border.  Buffalo  Bayou  and  Interstate  10  constitute  the 
southern  boundary,  and  Heights  Boulevard  and  Studemont  are  the 
western  boundary. 

Subarea  H  lies  in  the  northeast  quadrant  of  the  overall 
master  planning  region.  Boundaries  to  the  subarea  include  Little 
York  Road,  Sagebrush  Street,  and  Halls  Bayou  to  the  north,  Hirsch 
Road,  Lockwood  Street,  Homestead  Road,  Heatherside  Street,  and  the 
Eastex  Freeway  to  the  east,  Hunting  Bayou  to  the  south,  and  East 
Hardy  Road  to  the  west. 

Subarea  I  is  the  easternmost  segment  of  the  study  area.  The 
subarea  is  bounded  on  the  north  by  Interstate  Highway  610  and 
Hunting  Bayou,  on  the  east  by  Homestead  Road,  on  the  south  by 
Quittman  Street,  and  on  the  west  by  the  Missouri  and  Pacific 
Railroad. 

Each  of  the  above  subareas  was  further  split  into  minisystems 
as  follows: 

Subarea  Number  of  Minisystems 


A 

B 

C 

D 

E 

F 

G 


26 

18 

63 

48 

13 

97 

53 
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Subarea 


Number  of  Minisystems 


H  55 

I  45 


Total 


418 


Exhibit  3  shows  the  boundaries  for  each  of  the  minisystems.  The 
minisystem  arrangement  provides  a  means  to  rapidly  focus  on  the 
sewer  lines  in  the  system  that  will  be  overloaded  over  the  time 
frame  of  the  plan. 


Projection  in  Acres  of  the  Land  Uses  Expected  to  Exist  in  Each 
Minisystem  £or  Each  ot  1983,  1990,  and  2000 

In  order  to  accomplish  the  above  task,  ten  land-use 


categories  were  established  as  follows: 
Code  Land  Use 


1 

2 

3 

4 

5 

6 
6 
8 
9 

10 


Single-Family  Residential 

Multi-Family  Residential,  Low  Density 

Multi-Family  Residential,  High  Density 

Commercial,  Low  Density 

Commercial,  High  Density 

Industrial 

Institutional 

Parks 

Rights-of-way 

Undeveloped 


Next,  the  acreage  by  land-use  type  for  each  minisystem  was 


determined.  The  existing  land  use  was  based  upon  aerial 
photographs  and  field  surveys.  A  prediction  of  the  land  use  by 
category  for  the  year  2000  was  made  for  each  minisystem.  With  the 
existing  and  year  2000  acreage  quantities  available,  the  trend  in 
land  use  over  the  next  twenty  years  could  be  reasonably  approxi¬ 
mated,  thus  allowing  for  the  land-use  projections  of  1983  and 


7 


1990.  Census  tract  data  facilitated  the  1983,  1990,  and  2000 
forecasts.  Table  1  summarizes  the  results  of  the  land-use 
forecast. 

Development  of  Flow  Factors 

In  order  to  project  the  flows  throughout  the  Northside 
Service  Area,  flow  factors  (FF)  in  terms  of  gallons  per  acre  per 
day  (gpad)  are  multiplied  by  the  respective  acreage  values 
obtained  above.  Flow  measurement  surveys  and  information  from 
previous  master  plans  provided  the  basis  for  the  FF  incorporated 
into  this  Master  Plan. 

The  computer  program  mentioned  earlier  allowed  for  rapid 
analysis  of  the  impact  on  the  system  of  changes  in  the  FF.  This 
capability  was  especially  important  in  light  of  the  widely  variant 
nature  of  flow  measured  for  the  different  classifications  of  land 
use.  For  example,  measured  flow  quantities  for  the  Commercial 
High  Density  category  range  from  13,600  gpad  to  120,000  gpad. 
Measured  flow  from  the  Multi-Family  High  Density  land  use  has 
varied  from  19,000  gpad  to  41,000  gpad.  The  high  speed  of  the 
computer  expedited  the  review  of  flows  projected  on  the  basis  of 
more  than  one  set  of  FF.  Table  2  is  a  summary  of  the  two  sets 
of  numbers  used.  They  represent  a  compromise  among  the  differing 
values  of  measured  peak,  wet-weather  flow. 

The  factors  have  been  adjusted  to  account  for  the  sewer  line 
rehabilitation  proposed  in  the  March  1977  Sewer  System  Evaluation 


TABLE  1  -  SUMMARY  OF  LAND-USE  FORECAST 
HOUSTON  NORTHSIDE  SANITARY 
SEWERAGE  SERVICE  AREA  (ACRES) 


Land-Use  Code 

Existing 

1983 

1990 

2000 

Single-Fami ly 

Res idential 

27,195 

27,208 

27,531 

27,935 

Multi-Family 
Residential,  Low 
Density ( 3 ) 

373 

368 

366 

347 

Multi-Family 
Residential,  High 
Dens i ty ( 2  ) 

1,528 

2  -233 

2,882 

3,835 

Commercial,  Low 
Density ( 3 ) 

5,506 

5,619 

5,832 

6,096 

Commercial,  High 
Density ( * ) 

1,415 

1,403 

1,393 

1,378 

Industrial 

6,828 

7,279 

7,508 

7,843 

Institutional 

1,307 

1,306 

1,312 

1,307 

Parks 

2,204 

2,196 

2,200 

2,196 

Rights-of-way 

4,687 

4,659 

4,680 

4,656 

Undeveloped 

8,436 

7,208 

5,775 

3,886 

(^Multi-Family,  Low  Density  typically  consists  of  mobile  home 
parks,  duplexes,  townhouses,  and  condominiums. 

(2^Multi-Family,  High  Density  typically  consists  of  multi-story 
apartment  complexes. 

( 3 ^Commercial,  Low  Density  consists  of  "strip"  shopping  centers, 
neighborhood  convenience  stores,  single  business  buildings, 
and  small  office  buildings. 

(^Commercial,  High  Density  consists  of  high  rise  office 
buildings  and  major  shopping  centers. 
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TABLE  2  -  SUMMARY 
(GPAD } 

Land-Use  Category 

Single-Family 

Multi-Low 

Multi-High 

Comm-Low 

Comm-High 

Industrial 

Institutional 


OF  FLOW  FACTORS 


First  Set  Second  Set 


1983 

1990 

2000 

1983 

1990  " 

“Mo 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

12,000 

13,000 

14,000 

12,000 

13,000 

14,000 

17,000 

18,000 

19,000 

17,000 

18,000 

19,000 

12,000 

13,000 

14,000 

12,000 

13,000 

14,000 

17,000 

18,000 

19,000 

22,000 

23,000 

24,000 

3,000 

4,000 

5,000 

3,000 

4,000 

5,000 

3,000 

4,000 

5,000 

3,000 

4,000 

5,000 
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Survey  prepared  by  Lockwood,  Andrews,  and  Newnam  (LAN).  In  this 
regard,  LAN's  recommended  repair  work  is  expected  to  be  completed 
by  1983  and  to  alleviate  some  of  the  infiltration/inflow  (I/I) 
now  experienced  in  the  system.  Thus,  the  FF  are  assumed  to  be 
lower  in  the  earlier  time  frames  of  the  study  (1983  and  1990)  and 
higher,  since  some  I/I  could  reasonably  be  expected  to  return, 
towards  the  year  2000. 

The  first  set  of  FF  was  developed  with  minor  modifications 
to  the  values  of  previous  master  plans.  With  the  exception  of  the 
I/I  adjustment  noted  above,  only  the  numbers  for  commercial  land 
use,  both  high  and  low  density,  were  altered  from  the  FF  used  in 
the  1965  plan. 

The  second  set  of  FF  represent  an  "upper  bound"  that  is  based 
upon  the  more  recent  flow  measurement  surveys  undertaken.  These 
FF  are  about  the  highest  that  could  reasonably  be  justified  for 
the  Northside  Service  Area. 

The  FF  used  in  the  study  represent  prudent  planning  criteria; 
however,  neither  set  of  FF  can  adequately  describe  the  flow 
situation  that  will  exist  in  the  central  downtown  area  (mini¬ 
system  B-12)  of  Subarea  B  to  the  year  2000.  The  nature  of  the 
land  use  with  numerous  high  rise,  high  density  commercial 
buildings  of  widely  differing  flows  and  a  complex  sewer  network 
with  difficult  to  define  flow  patterns  dictate  special  considera¬ 
tion  for  the  downtown  area.  Accordingly,  for  minisystem  B-10  the 
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Engineers  recommend  that  a  detailed  survey  be  made.  Downtown 
should  be  treated  as  a  separate  service  area  with  minisystems 
and  FF  of  its  own  in  order  to  better  plan  for  the  future. 
Projection  of  Flows  by  Minisystem  and  Comparison  to  Capacity 

Using  the  computer  program  devised  in  conjunction  with  this 
Master  Plan,  the  Engineers  projected  the  flows  throughout  the 
Northside  Sanitary  Sewer  network.  For  each  minisystem  the 
predicted  quantities  were  compared  to  the  individual  capacities 
of  the  minisystems,  thus  generating  a  listing  of  deficient  pipes. 
Exhibits  4  and  5  show  the  locations  of  the  pipes  with  excess 
sewage  for  the  first  and  second  sets  of  FF.  Tables  3  through  6 
summarize  the  results  of  the  flow  projection.  In  general,  the 
projection  indicates  that  significant  relief  is  required  for  each 
subarea  in  the  network. 

Evaluation  of  Alternatives  to  Relieve  Overloaded  Lines 

The  two  main  alternatives  for  relief  of  the  overloaded  lines 
in  the  system  include  the  use  of  parallel  and  nonparallel  relief 
lines.  The  Engineers  developed  and  evaluated  the  alternative 
scheme  shown  in  Exhibit  6  by  dashed  lines.  They  indicate  the  non¬ 
parallel  relief  segments  proposed  to  alleviate  the  excess  sewage 
projected  for  the  major  trunk  sewers.  As  of  May  1979  the  Engi¬ 
neers  had  determined  the  minimum  size  parallel  relief  lines  to 
relieve  overloading  in  the  remaining  deficient  pipes  in  the  net¬ 
work.  These  lines  were  determined  using  Manning's  equation  with 
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TABLE  3  -  SUMMARY  OF  PROJECTED  FLOWS  (GPD) 


Year 

Projected  Flow  w/  First 

Set  Flow  Factors 

Projected  Flow  w/Second 
Set  Flow  Factors 

1983 

241,310,960 

331,038,352 

1990 

302,851,660 

392,776,760 

2000 

375,467,160 

466,182,903 
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TABLE  4  -  SUMMARY  OF  DEFICIENT  PIPE  SEGMENTS 
1983 


Percent  of  Total  Number 

Number  of  Deficient  Pipes _  of  Pipes  in  Subarea 


Subarea 

Total  Minisystems 
in  Subarea 

1st  Flow 
Factors 

2nd  Flew 
Factors 

1st  Flow 
Factors 

2nd  Flow 
Factors 

A 

26 

10 

12 

38 

46 

B 

18 

1 

1 

6 

6 

C 

63 

18 

26 

29 

41 

D 

48 

18 

25 

38 

52 

E 

13 

8 

10 

62 

77 

F 

97 

34 

54 

56 

56 

G 

53 

22 

28 

53 

53 

H 

55 

5 

11 

9 

20 

I 

45 

7 

13 

16 

29 

Totals 

418 

123*1) 

180(2) 

(D Equals  29%  of  total  number  of  pipes 
( 2 ) Equals  43%  of  total  number  of  pipes 
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TABLE  5  -  SUMMARY  OF  DEFICIENT  PIPE  SEGMENTS 
1990 


Percent  of  Total  Number 


Number  of 

Deficient  Pipes 

of  Pipes 

in  Subarea 

Total  Minisystems  1st  Flow 

2nd  Flew 

1st  Flow 

2nd  Flow 

Subarea 

in  Subarea 

Factors 

Factors 

Factors 

Factors 

A 

26 

10 

15 

38 

58 

B 

18 

2 

4 

6 

22 

C 

63 

25 

36 

40 

57 

D 

48 

24 

29 

50 

60 

E 

13 

10 

10 

77 

77 

F 

97 

45 

63 

46 

65 

G 

53 

28 

33 

53 

62 

H 

55 

5 

17 

9 

31 

I 

45 

9 

15 

20 

33 

Totals 

418 

158 (1) 

222(2) 

( )  Equals  38%  of  total  number  of  pipes 
(2) Equals  53%  of  total  number  of  pipes 


TABLE  6  -  SUMiAKT  OF  DEFICIENT  PIPE  SEGMENTS 
2000 


Percent  of  Total  Number 

Number  of  Deficient  Pipes _  of  Pipes  in  Subarea 


Subarea 

Total  Minisy stans 
in  Subarea 

1st  Flow 
Factors 

2nd  Flew 
Factors 

1st  Flow 
Factors 

2nd  Flow 
Factors 

A 

26 

12 

15 

46 

58 

B 

18 

3 

5 

17 

28 

C 

63 

30 

41 

48 

65 

D 

48 

27 

38 

56 

79 

E 

13 

10 

11 

77 

85 

F 

97 

61 

74 

63 

76 

G 

53 

29 

34 

55 

64 

H 

55 

16 

27 

29 

49 

I 

45 

14 

17 

31 

38 

Totals 

202<1) 

262(2) 

(1) Equals  48%  of  total  number  of  pipes 
(^Equals  63%  of  total  number  of  pipes 
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roughness,  n,  equal  to  .013  and  slope  equal  to  the  standard  grade 
specified  by  the  City  of  Houston's  specifications.  Sizes  of  both 
parallel  and  nonparallel  relief  lines  to  accommodate  the  projected 
flow  to  the  year  2000  are  shown  in  Exhibit  6.  The  technical 
feasibility  of  the  combined  relief  scheme  has  not  yet  been 
determined.  Although  the  recommended  line  sizes  should  be 
adequate  to  carry  the  forecasted  quantity  of  sewage,  the  technical 
feasibility  of  such  an  extensive  relief  network  is  highly 
questionable.  Some  of  the  system  will  have  to  remain  charged 
during  periods  of  peak  flow. 

PART  TWO :  DETAILED  PRESENTATION  OF  RESULTS 
General 

In  the  subsections  to  follow  each  subarea  is  addressed 
separately  to  include  1)  a  tabulation  in  acres  of  existing  and 
projected  land  use,  2)  a  listing  of  pipe  segments  projected  to 
be  inadequate  to  handle  forecasted  flow  for  the  years  1983, 

1990,  and  2000,  3)  initial  parallel  relief  recommendations,  and 
4)  any  unusual  assumptions  that  may  have  been  made  for  the 
particular  subarea. 

Subarea  A 

Table  7  summarizes  the  land-use  forecast  for  Subarea  A.  In 
general,  the  subarea  will  have  a  trend  towards  decreased  single 
family  residences  with  increased  high  density  multi-family 
quarters.  A  slight  diminishing  of  low  density  commercial  activity 
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TABLE  7  -  LAND  USE  BY  CATEGORY  SUBAREA  A 

NORTHSIDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existinq 

1983 

1990 

2000 

Single-Family  Residential 

1,436 

1,322 

1,222 

1,122 

Multi-Family  Residential, 
Low  Density 

2 

2 

2 

2 

Multi-Family  Residential, 
High  Density 

22 

113 

181 

302 

Commercial,  Low  Density 

313 

338 

328 

296 

Commercial,  High  Density 

0 

0 

0 

0 

Industrial 

1,041 

1,063 

1,083 

1,103 

Institutional 

29 

29 

29 

29 

Parks 

97 

89 

93 

83 

Rights-of-way 

407 

407 

407 

407 

Undeveloped 

37 

21 

39 

34 

P 
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will  occur  with  some  increase  of  industrial  acreage.  Based  on  the 
flow  projection  of  Part  One,  Subarea  A  will  have  between  46  and 
58  percent  of  its  pipes  overloaded  by  the  year  2000.  Table  8  is  a 
listing  of  the  deficient  pipes  in  the  subarea. 

Subarea  B 

Table  9  contains  the  land-use  forecast  for  this  subarea  which 
has  a  primary  trend  towards  fewer  single-family  residences  and 
more  multi-family  high  density  facilities.  The  remainder  of  the 
land  use  remains  fairly  stable.  The  listing  of  Deficient  Pipe 
Segments,  Table  10,  is  somewhat  lacking  in  that  the  central  down¬ 
town  area  will  require  a  closer  evaluation  as  noted  in  Part  One 
of  this  report.  Except  for  the  downtown  minisystem,  the  majority 
of  the  sewer  lines  in  Subarea  B  are  expected  to  be  adequate  over 
the  time  period  of  this  Master  Plan. 

Subarea  C 

The  land-use  projection  for  Subarea  C  is  Table  11.  In 
general,  the  land  use  for  each  category  is  very  stable  with  the 
major  trends  being  conversion  from  undeveloped  land  to  the  single¬ 
family  and  multi-family  high  density  residential  and  industrial 
land  uses.  The  number  of  sewer  lines  expected  to  be  overloaded 
within  this  minisystem  approaches  65  percent.  This  high  number 
has  necessitated  the  nonparallel  relief  scheme  outlined  in  Part  One 
to  alleviate  the  overloading  of  the  major  trunk  sewer  designated 
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TABLE  9  -  LAND  USE  BY  CATEGORY  SUBAREA  B 

NORTHSIDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existing 

1983 

1990 

2000 

Single-Family  Residential 

575 

554 

477 

358 

Multi-Family  Residential, 
Low  Density 

6 

6 

6 

6 

Multi-Family  Residential, 
High  Density 

92 

152 

206 

276 

Commercial,  Low  Density 

536 

501 

540 

603 

Commercial,  High  Density 

688 

688 

688 

688 

Industrial 

133 

133 

133 

133 

Institutional 

101 

104 

95 

97 

Parks 

219 

219 

219 

219 

Rights-of-way 

195 

195 

195 

195 

Undeveloped 

69 

62 

55 

39 
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TABLE  11  -  LAND  USE  BY  CATEGORY  SUBAREA  C 

NORTHSIDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existinq 

1983 

1990 

2000 

Single-Family  Residential 

3,251 

3,320 

3,420 

3,604 

Multi-Family  Residential, 
Low  Density 

31 

31 

31 

31 

Multi-Family  Residential, 
High  Density 

553 

570 

592 

629 

Commercial,  Low  Density 

674 

700 

716 

742 

Commercial,  High  Density 

127 

127 

127 

127 

Industrial 

676 

715 

735 

826 

Institutional 

247 

247 

247 

247 

Parks 

646 

646 

646 

646 

Rights-of-way 

400 

400 

400 

400 

Undeveloped 

773 

622 

464 

126 

i 
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"Nl"  and  running  the  length  of  the  subarea.  The  complete  listing 
of  deficient  sewer  segments  is  given  in  Table  12. 

Subarea  D 

Land  use  (Table  13)  within  this  subarea  shows  minor  fluctua¬ 
tion.  The  categories  dealing  with  high  density  multi-family 
residences,  low  density  commerce,  and  industry  evidence  the 
greatest  increases  in  acreage  with  land  taken  from  the  undeveloped 
property  in  the  subarea.  The  percentage  of  deficient  pipes  in 
Subarea  D  ranges  from  56  to  79  percent.  The  relief  scheme  of  Part 
One  will  alleviate  the  majority  of  the  excess  flow  in  the  subarea. 
Subarea  E 

The  only  significant  land-use  trend  in  this  subarea  is  the 
conversion  of  undeveloped  land  to  high  density  multi-family 
apartments.  The  subarea  has  the  highest  percentage  of  overloaded 
lines  in  the  entire  Northside  Service  Area.  This  condition 
results  in  part  from  the  accumulation  of  flows  which  muse  pass 
through  Subarea  E  from  C  and  D  along  the  major  trunk  sewer  running 
through  minisystem  E4  and  E6.  Nonparallel  relief  as  depicted  in 
Exhibit  6  will  remedy  the  excess  flow  of  E4  and  E6.  In  addition, 
eight  other  minisystems  in  the  subarea  are  projected  to  be 
overloaded  by  2000.  The  minimum  size  parallel  relief  lines  for 
these  minisystems  are  included  in  the  listing  of  Deficient  Pipe 
Segments  for  Subarea  E  (Table  16). 
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TABLE  12  -  LISTING  OF  DEFICIENT  MINISYSTEMS 
SUBAREA  C 
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TABLE  13  -  LAND  USE  BY  CATEGORY  SUBAREA  D 

NORTHSIDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existinq 

1983 

1990 

2000 

Single-Family  Residential 

3,316 

3,360 

3,424 

3,543 

Multi-Family  Residential, 
Low  Density 

88 

84 

86 

82 

Multi-Family  Residential, 
High  Density 

269 

320 

396 

492 

Commercial,  Low  Density 

601 

622 

687 

735 

Commercial,  High  Density 

274 

262 

252 

237 

Industrial 

864 

878 

903 

949 

institutional 

191 

191 

191 

191 

Parks 

277 

277 

277 

277 

Rights-of-way 

476 

476 

476 

476 

Undeveloped 

1,086 

972 

750 

460 

TABLE  14  -  LISTING  OF  DEFICIENT  MINISYSTEMS 
SUBAREA  D 
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TABLE  15  -  LAND  USE  BY  CATEGORY  SUBAREA  E 

NORTHSIDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existinq 

1983 

1990 

2000 

Single-Family  Residential 

1,369 

1,351 

1,306 

1,252 

Multi-Family  Residential, 
Low  Density 

0 

0 

0 

0 

Multi-Family  Residential, 
High  Density 

48 

106 

181 

287 

Commercial,  Low  Density 

488 

466 

478 

488 

Commercial,  High  Density 

42 

42 

42 

42 

Industrial 

140 

140 

144 

147 

Institutional 

48 

48 

48 

48 

Parks 

134 

134 

134 

134 

Rights-of-way 

98 

98 

98 

98 

Undeveloped 

720 

702 

656 

591 

TABLE  16  -  LISTING  OF  DEFICIENT  MINISYSTEMS 
SUBAREA  E 
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Subarea  F 

The  largest  subarea  in  the  Northside  Sanitary  Sewerage 
Service  Area  displays  the  land  use  of  Table  17.  Approximately 
seventy  percent  of  Subarea  F’s  lines  are  forecasted  to  be 
inadequate  by  the  year  2000.  Part  One's  relief  network  will  only 
carry  a  portion  of  the  excess  flow.  Parallel  relief  lines  capable 
of  handling  the  remainder  of  the  sewage  are  listed  in  Table  18. 
Subarea  G 

Subarea  G  contains  the  most  complex  flow  pattern  in  the 
entire  Northside  Sanitary  Sewerage  Service  Area.  The  accumulated 
flow  from  Subareas  B,  C,  D,  £,  and  F  is  conveyed  through  "G"  to 
the  sewage  treatment  plant.  The  result  is  a  region  with  approxi¬ 
mately  60  percent  of  its  sanitary  lines  overloaded.  The  flow 
from  C,  D,  and  E  is  split  at  minisystem  G32  (see  Exhibit  3). 
Approximately  90  percent  of  this  split  flow  travels  to  Subarea  I 
via  minisystem  119.  The  remainder  enters  Subarea  I  via  mini¬ 
systems  145  and  136.  The  relief  alternative  of  Part  One 
alleviates  the  excess  flow  through  much  of  Subarea  G.  However, 
additional  Darallel  relief  will  likely  be  required. 

Subarea  H 

"H"  displays  a  trend  to  residential  development  -  both  single- 
and  multi-family.  In  addition,  industry  will  show  some  expansion 
to  the  year  2000.  In  general,  the  subarea  is  capable  of  handling 
the  flow  projected  over  the  time  span  of  this  Master  Plan.  Only 
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TABLE  17  -  LAND  USE  BY  CATEGORY  SUBAREA  F 

NORTHSIDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existing 

1983 

1990 

2000 

Single-Family  Residential 

6,840 

7,121 

7,432 

7,929 

Multi-Family  Residential, 
Low  Density 

110 

110 

110 

110 

Multi-Family  Residential, 
High  Density 

302 

388 

447 

521 

Commercial,  Low  Density 

1,236 

1  ,349 

1,358 

1,433 

Commercial,  High  Density 

128 

128 

128 

128 

Industrial 

309 

313 

315 

319 

Institutional 

330 

330 

330 

330 

Parks 

155 

155 

155 

155 

Rights-of-way 

514 

514 

514 

514 

Undeveloped 

2,204 

1,720 

1,339 

689 

TABLE  18  -  LISTING  OF  DEFICIENT  MINISYSTEMS 
SUBAREA  F 
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TABLE  19  -  LAND  USE  BY  CATEGORY  SUBAREA  G 

NORTHS IDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existinq 

1983 

1990 

2000 

Single-Family  Residential 

4,929 

4,558 

4,489 

4,186 

Multi-Family  Residential, 
Low  Density 

36 

36 

36 

36 

Multi-Family  Residential, 
High  Density 

116 

335 

505 

738 

Commercial,  Low  Density 

696 

737 

742 

787 

Commercial,  High  Density 

12 

12 

12 

12 

Industrial 

936 

1,188 

1,235 

1,288 

Institutional 

153 

153 

153 

153 

Parks 

457 

457 

457 

457 

Rights-of-way 

958 

943 

948 

949 

Undeveloped 

497 

371 

213 

184 

TABLE  20  -  LISTING  OF  DEFICIENT  MINISYSTEMS 
SUBAREA  G 
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G17  119,034,346  G42  1,114,959  G43  15,319,284 
G18  119,594,596  G9  1,436,340  G41  26,060,020 
G19  -  G 1  42,880  G13  438,560 
G20  -  G3  98,100  G14  845,650 


TABLE  20  (Cont'd) 
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TABLE  21  -  LAND  USE  BY  CATEGORY  SUBAREA  R 

NORTHS IDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Code 

Existing 

1983 

1990 

2000 

Single-Family  Residential 

3,501 

3,691 

3,903 

4,168 

Multi-Family  Residential, 
Low  Density 

72 

71 

67 

52 

Multi-Family  Residential, 
High  Density 

67 

120 

167 

273 

Commercial,  Low  Density 

661 

598 

668 

681 

Commercial,  High  Density 

73 

73 

73 

73 

Industrial 

177 

192 

208 

234 

Institutional 

133 

133 

133 

133 

Parks 

140 

140 

140 

140 

Rights-of-way 

832 

820 

824 

818 

Undeveloped 


1,926 


1,744 


1,399 


1,010 


TABLE  22  -  LISTING  OP  DEFICIENT  MINISYSTEMS 
SUBAREA  H 
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TABLE  23  -  LAND  USE  BY  CATEGORY  SUBAREA  I 

NORTHS IDE  HOUSTON  SANITARY  SEWERAGE 
MASTER  PLAN  (ACRES) 


Land-Use  Cod* 

Existing 

1983 

1990 

2000 

Single-Family  Residential 

1,978 

1,931 

1,858 

1,773 

Multi-Family  Residential, 
Low  Density 

28 

28 

28 

28 

Multi-Family  Residential, 
High  Density 

59 

129 

207 

317 

Commercial,  Low  Density 

301 

308 

315 

331 

Commercial,  High  Density 

71 

71 

71 

71 

Industrial 

2,552 

2,657 

2,752 

2,844 

Institutional 

75 

71 

86 

79 

Parks 

79 

79 

79 

79 

Rights-of-way 

807 

806 

818 

799 

Undeveloped 

1,124 

994 

860 

753 

! 
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about  35  percent  of  the  sewer  lines  exceed  capacity  and  of  these 
segments  the  majority  are  not  severely  overloaded. 

Subarea  I 

The  land-use  trend  in  Subarea  Z  shows  very  little  change  with 
some  growth  of  industry  and  a  decline  in  single  family  residences. 
Like  Subarea  H ,  Subarea  I  has  few  deficient  pipe  segments 
(Table  24);  however,  unlike  "H,"  the  inadequate  sewer  lines  in  I 
are  for  the  most  part  extremely  overloaded.  This  situation  arises 
because  all  of  the  accumulated  flow  from  the  service  area  must 
pass  through  "I"  in  order  to  reach  the  sewage  treatment  plant. 
Conclusion 

The  Norths ide  Sanitary  Sewerage  Service  Area  is  now  and  will 
be  even  more  overloaded  in  the  future.  Technical  feasibility  of 
identified  alternatives  to  relieve  excess  flow  must  be 
accomplished  at  the  earliest  possible  date  to  allow  for  an 
orderly  approach  to  relief  over  the  next  two  decades.  A  separate 
study  of  the  downtown  area  should  be  authorized  as  soon  as 
possible  also  to  permit  a  more  accurate  Master  Plan  for  that 
part  of  the  Northside  Service  Area. 


TABLE  24  -  LISTING  OF  DEFICIENT  MINISYSTEMS 
SUBAREA  I 


SCALE  IN  MILES 


LEGEND 
STUDY  A 


SUBAREA 


si 

U 

W/M 

miSk 

WtP 

■i 

If* 

1965  MASTER  PLAN  FOR  NORTH  SIDE, 
HALLS  BAYOU,  HOMESTEAD,  CLINTON 
PARK,  AND  NORTHEAST  DISTRICTS 


scale  in  feet 


LEGEND 


GRAVITY  LINE 
LIFT  STATION 
FORCE  MAIN 


tt* ' 


SCALE  IN  FEET 


LEGEND 

MINI-SYSTEM 


COLLECTION  LINE 


SCALE  IN  FEET 


LEGEND 

MINI-SYSTEM 


COLLECTION  LINE 


CITY  OF  HOUSTON 
NORTHSIOE  MASTER  PLAN 


SERVICE  AREA  MINISYSTEM 


CITY  OF  HOUSTON 
NORTHSIDE  MASTER  PLAN 

SERVICE  AREA  MINISYSTEMS 

TurnerCdlie^Bradenlnc. 

HOI  \  I  OS 

<  .  I -tWH  »*»  «  i  4K  f  HI  * 

t.h.„„  3  jjob  no  23S6-010  p.t«  JULY  1979 


SCALE  IN  FEET 

LEGEND 


HYDRAULICALLY 
INADEQUATE  LINE  (1983) 

HYDRAULICALLY 
INADEQUATE  LINE  (1990) 

HYDRAULICALLY 
INADEQUATE  LINE  (2000) 


Uff 


CITY  OF  HOUSTON 


»•* 


SCALE  IN  FEET 


LEGEND 


HYDRAULICALLY 
INADEQUATE  LINE  (1983) 

HYDRAULICALLY 
INADEQUATE  LINE  (1990) 

HYDRAULICALLY 
INADEQUATE  LINE  (2000| 


69TH  ST. 
(UNDER  C 


M 


s 

SECO 


SCALE  IN  FEET 


LEGEND 

PROPOSED 

NON-PARALLEL  RELIEF 


PROPOSED 
PARALLEL  RELIEF 


SCALE  IN  FEET 


LEGEND 

PROPOSED 

NON-PARALLEL  RELIEF 


PROPOSED 
PARALLEL  RELIEF 


'TTT 


INITIAL  A | 

Turner  Col liJ 
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1.0 


INTRODUCTION 


1 


The  computer  program  described  in  this  User's  Manual  and  hereafter 
referred  to  as  "SANSEW"  provides  a  means  to  1)  analyze  for  suffi¬ 
ciency  existing  sanitary  sewer  systems  and  2)  to  design  new  systems 
ithin  the  framework  of  the  1979  master  planning  methodology  of 
urner  Collie  &  Braden  Inc. 

The  program  is  limited  to  gravity  flow  networks  in  which  the 
quantities  of  sewage  generated  are  estimated  based  upon  flow  fac¬ 
tors  corresponding  to  different  types  of  land  use. 
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2.0 


INPUT 


2 


2. 1  Deck  Stacking 

The  deck  stacking  is  in  ths  following  ordsr.  Each  alasiant 
of  tha  stacking  will  ba  dascribad  latar  in  this  manual. 

Control  Cards  -  Baginning  of  axacution 
Main  Program 

Control  Cards  -  Intermediate 

Data  to  ba  Entarad 

Control  Cards  -  End  of  Execution 

2.1.1.  Control  Cards  -  Bag inning  of  Exacution 

Thasa  fiva  cards  includa  tha  following  in  tha  ordar  below: 
"Idant"  card 

Usar  idantif ication  card 
Option  FORTRAN  card 
FORTRAN  card 
Incoda  IBMEL  card 

Figures  1  through  S  show  examples  of  each  card  above. 

2.1.2.  Main  Program  Cards 

A  listing  of  tha  main  program  is  included  as  Appendix  A. 

Two  of  tha  cards  that  change  from  run  to  run  are  those  that  indi¬ 
cate  tha  year  for  which  tha  flow  projection  is  to  ba  made.  Examples 
of  thasa  cards  are  depicted  in  Figures  6  and  7.  In  addition  to 
Figures  6  and  7  certain  other  main  program  cards  need  to  ba 
adjusted  depending  upon  tha  type  of  run.  These  additional  cards 
will  be  illustrated  latar  in  this  manual. 

2.1.3.  Control  Cards  -  Intermediate 

Three  intermediate  control  cards  required  for  each  run  are: 

Execute  card  (Figure  8) 

Data  card  (Figure  9) 

Limits  card  (Figure  10} 

2.1.4.  Data  Cards 


Data  is  entered  into  tha  deck  in  the  following  order: 

Flow  Factors  Card  (Figure  11) 

Acres  Cards  (Figure  12) 

Pipe  Nomenclature  (Figure  13) 

Minisystem  Cards  (Figure  14) 

Network  Flow  Accumulation  Cards  (Figure  IS) 

MALCAP  Control  Card  (Figure  16) 

Capacity  Computation  Cards  if  MALCAP  »  0  (Figures  17-19) 


A 


FIGURE  1  -  I  DENT  CONTROL  CARD 
Notes : 

1.  Columns  16-21  contain  the  User  ID. 

2.  Columns  23-30  contain  any  descriptor. 

3.  Columns  32-38  contain  the  ]ob  number. 

4.  Columns  39-43  contain  the  employee  number 


FIGURE  2  -  USER  IDENTIFICATION  CARD 
NO  til : 

1 .  Columns  16-21  contain  the  User  ID. 

2.  Columns  23-26  contain  the  password. 
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FIGURE  3  -  OFT I ON  FORTRAN  CARD 
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COOING  FORMS  FOR  TYPICAL  MINISYSTF.M  CARDS.  FORMAT  IDA} 


Alphanumeric  designations 
(or  reference. 


1 


1. 

2. 


A  zero  in  column  one  directs  the  computer  to  calculate  the 
capacity  of  each  pipe  in  the  network. 

A  one  in  column  one  indicates  to  the  computer  that  capacity 
values  will  be  input. 


FIGURE  17  -  CAPACITY  COMPUTATION  CARD  IF  NALCAP  -  0. 

This  is  the  diameter  input  of  pipe  size. 

FORMAT  14F5.1. 

Notes : 

1.  The  diameter  input  is  the  first  to  be  read  in  the  CAPCTY 
subroutine. 

2.  The  above  example  reflects  a  system  with  only  four  sewer 
lines.  Normally,  the  input  will  cover  a  full  70  columns 
instead  of  just  the  20  shown  above. 

3.  Units  are  inches. 


FIGURE  18  -  CAPACITY  COMPUTATION  CARD  IF  MALCAP  =  0. 

This  is  the  Manning's  number  input. 
FORMAT  14F5.3. 


Notes : 


1.  The  roughness  input  (Manning's  number)  is  the  second  input 
to  the  CAPCTY  subroutine. 

2.  The  input  will  usually  cover  a  full  70  columns.  Only  four 
roughness  numbers  are  given  above  because  only  four  sewer 
lines  are  in  the  network. 


FIGURE  19  -  CAPACITY  COMPUTATION  CARD  IF  MALCAP  ■  0 
This  card  is  slope  input. 

FORMAT  12F  6.4. 

Notes : 

1.  The  slope  input  is  in  feet  per  1,000  feet. 

2.  The  slope  cards  are  third  to  be  read  in  the  CAPCTY  subroutine. 

3.  Only  four  slopes  are  required  for  the  example  above.  Normally, 
the  input  will  cover  the  full  72  columns  of  the  FORMAT  field. 


Capacity  Input  Cards  if  MALCAP  ■  1  (Figure  20) 

NEWCAP  Control  Card  (Figure  21) 

Parallel  Relief  Alternative  Cards  if  NEWCAP  *  0 
(Figures  22-24) 

NUM  Control  Cards  if  NEWCAP  *  0  (Figure  25) 

INUM  Control  Card  if  NEWCAP  ■  0  (Figure  26) 

NW  SLIP,  NW  SLOP,  NW  DIAM  if  NEWCAP  =  0  (Figure  26A) 


2.1.5.  Control  Cards  -  End  of  Execution 


Two  such  cards  are  used  for  each  run — a  remote  card  and  an 
ENDJCB  card.  See  Figures  27  and  28. 


2. 2  Discussion  of  Data  Cards 

2.2.1.  Flow  Factors  Card 

Flow  factors  for  each  category  of  land  use  in  terms  of 
gallons  per  acre  per  day  are  entered  in  a  7F  10.2  format 
(Figure  11).  Factors  are  incorporated  in  the  following  order  from 
left  to  right  across  the  card. 

1.  Single  Family  Residential 

2.  Multi-Family  Residential  -  Low  Density 

3.  Multi-Family  Residential  -  High  Density 

4.  Commercial  Land  Use  -  Low  Density 

5.  Commercial  Land  Use  -  High  Density 

6.  Industrial  Land  Use 

7.  Institutional  Land  Use 


There  will  be  one  Flow  Factor  Card  per  run. 
2.2.2.  Acres  Cards 


The  acreage  for  a  given  minisystem  by  category  of  land  use 
is  entered  in  a  7F  7.2  format  (see  Figure  12).  The  order  in  which 
the  acreage  is  entered  corresponds  to  the  order  used  for  the  flow 
factors  above  as  follows: 

1.  Single  Family  Residential  Acreage 

2.  Multi-Family  -  Low  Density  -  Acreage 

3.  Multi-Family  -  High  Density  -  Acreage 

and  so  forth  through  the  Institutional  Land  Use  Acreage 

There  will  be  one  "Acres"  and  for  each  minisystem  in  the  flow 
network. 


FIGURE  21  -  NEWCAP  CONTROL  CARD.  FORMAT  II. 


Notes: 

1.  A  zero  in  column  one  directs  the  computer  to  alter  the 
existing  capacity  of  one  or  more  sewer  pipes  in  the  network 

2.  A  one  in  column  one  indicates  to  the  computer  that  no  sewer 
pipes  will  receive  altered  flow. 


FIGURE  22  -  NUMNEW  AND  DIAMETER  INPUT  TC  ALTCAP 
Subroutine  NEWCAP  =  0 
FORMAT  for  NUMNEW  is  15. 

FORMAT  for  Diameter  is  14F  5.1. 

Notes : 

1.  NUMNEW  gives  the  number  of  sewer  lines  in  the  system  to 
receive  altered  capacity  via  the  ALTCAP  subroutine.  Row 
above  is  NUMNEW  *  3. 

2.  The  diameter  input  follows  NUMNEW  when  NUWCAP  *  0. 
Diameter  is  in  inches  and  gives  the  size  of  pipes  to  be 
altered. 


FIGURE  23  -  ROUGHNESS  AND  SLOPE  INPUT  TC  ALTCAP 
Subroutine  NEWC«P  =  0 
FORMAT  for  Roughness  is  14F  5.3. 

FORMAT  for  Slope  is  12F  6.4. 

Notes : 

1.  Roughness  is  Manning's  number  for  pipes  altered  using  A 
Row  one  above  is  the  roughness  input. 

2.  Slope  is  given  in  feet  per  thousand  feet  -  Row  2  above. 

3.  Roughness  and  slope  data  follow  diameter  as  inputs  when 
NEWCAP  =  0  in  order. 


FIGURE  24  - 


CRICAF  INPUT  TC  ALTCAP  SUBROUTINE. 
NEWCAP  =  0. 

Format  is  6F  12.2. 


Notes : 


1.  The  CRICAP  input  gives  the  unaltered  sewer  line  capacity 
of  the  minisystem  receiving  revised  capacity  using  ALTCA 

2.  Units  are  gallons  per  day. 


FIGURE  25 


'YPICAL  EXAMPLES  OF  NUM  CARDS.  FORMAT  15. 


Mote: 

The  NUM  cards  advise  the  computer  which  pipes  in  the  network 
have  received  altered  capacity  through  the  use  of  subroutine 
ALTCAP.  The  numbers  above  are  the  TOTFLC  array  element  numbers 
of  the  minisystems  receiving  altered  flow  (Section  3  discusses 
the  numbering  procedure) . 


FIGURE  26A  -  NWSLIP,  NWSLCP,  MW Cl AM  CARDS.  FORMAT  315. 


Notes : 

1.  A  zero  or  one  in  Colunn  5  indicates  that  sliplining  was 
or  was  not  accomplished  to  alter  capacity  respectively. 

2.  A  zero  or  one  in  Column  10  indicates  that  slope  adjustment 
was  or  was  not  accomplished  to  alter  capacity  respectively. 

3.  A  zero  in  Column  15  indicates  that  a  diameter  change  has 
been  made  to  alter  capacity  either  through  installation  of 

a  parallel  pipe  or  removal  and  replacement  of  existing  pipe. 
A  one  indicates  no  change. 

4.  Example:  The  first  of  the  three  cards  in  Figure  26A 
indicates  that  the  pipe  was  sliplineb  to  alter  capacity. 


FIGURE  28  -  END  JOB  CONTROL  CARD 
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2.2.3.  Pipe  Cards 

The  pipe  nomenclature  for  each  pipe  segment  is  entered  in 
a  10A7  alphanumeric  format  -  10  pipe  segments  (minisystems)  per 
card  (Figure  13).  There  will  be  one  pipe  nomenclature  assigned 
to  each  minisystem.  For  example,  for  a  400  minisystem  network 
there  will  be  40  pipe  cards. 

2.2.4.  Minisystem  Cards 

Minisystem  designations  are  incorporated  in  a  10A5  format 
(Figure  14).  Note  that  ten  minisystem  names  per  card  are  allow¬ 
able.  So  for  a  300  minisystem  network  22  such  cards  would  be 
required. 

2.2.5.  Network  Flow  Accumulation  Cards  ( N FAC ) 


The  cards  allow  the  sanitary  sewer  flow  to  be  accumulated 
from  ninisystem  to  minisystem.  The  NFAC  describe  to  the  computer 
the  pipe  segment  layout  being  evaluated.  One  such  card  is 
required  for  each  minisystem.  NFAC  format  is  1215  -  (Figure  15). 
The  first  number  on  the  card  is  the  "TOTFLO  array  number" 
assigned  to  the  minisystem.  (Each  minisystem  is  assigned  a  num¬ 
ber  which  corresponds  to  its  TOTFLO  number.)  This  process  will 
be  described  during  the  example  problem  formulation  of  Section  3. 
The  second  and  third  numbers  are  the  CUMPIP  and  CUMNOD  array 
numbers  respectively  for  the  minisystem  in  question.  The  next 
six  numbers  are  pipe  segments  (TOTFLO  elements)  whose  flows 
intersect  the  particular  minisystem.  The  final  three  numbers 
represent  upstream  accumulated  modal  flows  that  will  be  routed 
through  the  minisystem  in  question.  To  simplify  the  preparation 
cf  NFAC  it  is  recommended  that  the  first  four  numbers  on  the 
cards  be  the  same  for  each  minisystem.  The  network  cards  are  the 
most  important  data  input  to  the  program  and  will  be  covered  in 
greater  detail  in  Section  3. 

2.2.6.  MALCAP 

This  card  is  a  control  card  that  tells  the  computer  if 
the  capacities  of  the  sanitary  sewer  lines  in  the  system  will 
be  calculated  in  the  program  or  calculated  by  hand  and  input 
directly.  Format  for  MALCAP  is  II.  If  MALCAP  equals  zero,  the 
computer  calls  a  subroutine  (CAPCTY)  and  calculates  the  capacity 
of  each  pipe  segment  in  the  network.  If  MALCAP  equals  1,  the 
program  expects  the  capacity  input  directly.  One  MALCAP  card 
per  run  is  required. 

2.2.7.  Data  Cards  for  CAPCTY  Subroutine 


These  cards  are  required  only  if  MALCAP  equals  zero. 

When  MALCAP  equals  zero,  cards  advising  the  computer  of  the  dia¬ 
meter,  slope  and  Manning  number  of  each  pipe  in  the  network  are 
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required.  Diameter  information  is  input  first  in  a  14F  5.1  format. 
(If  there  are  420  minisystems  to  be  analyzed/  30  diameter  cards  are 
required  (420  divided  by  14  equals  30)).  Next,  Manning's  number 
is  entered;  format  is  14F  5.3.  Finally,  slope  information  in  terms 
of  feet  per  1,000  feet  is  input  in  a  12F  6.4  format.  Examples  of 
each  of  these  cards  appear  as  Figures  17  through  x9. 

2.2.8.  Capacity  Input 

If  MALCAP  equals  1,  then  the  capacity  of  each  pipe  in  the 
network  is  entered  at  this  point  in  the  data  stacking.  Format  is 
6F  12.2.  See  Figure  20. 

2.2.9.  NEWCAP 


This  card  is  a  control  card  that  tells  the  computer  if 
the  capacities  of  any  of  the  lines  will  be  altered  by  1)  removal 
and  replacement  of  existing  lines,  2)  slope  adjustment,  3)  slip 
lining,  or  4)  installation  of  a  parallel  line.  Format  is  II. 

If  NEWCAP  equals  zero,  then  the  computer  calls  a  subroutine 
(ALTCAP)  and  alters  the  capacity  of  the  line  in  question.  If 
NEWCAP  equals  one,  the  program  skips  the  ALTCAP  subroutine  and 
proceeds  without  changing  any  pipe  capacities. 

2.2.10.  Data  Cards  for  ALTCAP  Subroutine 


These  cards  are  required  only  when  NEWCAP  equals  zero. 

The  NUMNEW  card  advises  the  computer  how  many  lines  will  receive 
altered  flow.  Format  is  15.  Diameter,  roughness,  and  slope 
information  are  input  in  14F  5.1,  14F  5.3,  and  12F  6.4  formats 
respectively  as  for  the  input  to  the  CAPCTY  subroutine.  The 
original  capacity  of  the  minisystem  being  modified  is  next  read 
into  the  machine  using  a  6F  12.2  format  (Figures  22  through  24.) 

2.2.11.  Main  Program  Additional  Data  Input  If  NEWCAP  =  0 

When  NEWCAP  equals  zero,  a  "NUM"  card  is  used  to  give  the 
TCTFLO  array  element  number  of  the  minisystem  for  which  the  ALTCAP 
subroutine  has  been  used.  One  card  is  used  for  each  minisystem 
receiving  relief  via  ALTCAP.  NUM  allows  the  computer  to  substitute 
the  modified  capacity  for  the  originally  entered  computer  value. 
Format  is  15. 

SANSEW  is  designed  to  echo- check  back  to  the  engineer 
whenever  ALTCAP  has  been  used.  In  order  to  accomplish  this  check, 
an  array  called  "INUM"  is  entered  after  NUM  in  the  deckstacking 
whenever  NEWCAP  equals  zero.  INUM  has  as  many  elements  as  there 
are  total  minisystems  in  the  network  in  a  16  15  format.  For 
example,  if  the  59th  minisystem  in  the  network  has  received  a 
flow  capacity  change  through  ALTCAP,  then  the  number  "59"  will 
appear  as  the  59th  element  in  the  INUM  array.  This  input  will 
be  clarified  further  in  the  example  problem. 
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For  each  minisystem  utilizing  ALTCAP,  a  NWSLIP,  NWSLOP, 
NWDIAM  card  is  the  next  item  of  data  input  to  the  program.  Format 
is  3  15.  A  zero  in  the  first  five  columns  of  the  card  indicates 
that  sliplining  was  accomplished  to  alter  the  capacity  of  the  mini¬ 
system  under  review.  Similarly,  zeros  in  columns  six  to  ten  and 
ten  to  fifteen  indicate  that  slope  adjustment  and  pipe  replacement 
respectively  were  accomplished.  One's  in  the  aforementioned  columns 
mean  that  one  or  more  of  the  three  alternatives  (sliplining,  slope 
adjustment,  or  replacement)  were  not  completed. 


-LL. 
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TABLE  1  -  SUMMARY  OF  INPUT  FOR  SANSEW 


Card  Input 

Format 

Number  of  Cards 

Figure 

Vhen  Used 

Identification 

See  Figure 

1 

1 

Every  Run 

User  Ident 

See  Figure 

1 

2 

Every  Run 

Option  FORTRAN 

See  Figure 

1 

3 

Every  Run 

FORTRAN 

See  Figure 

1 

4 

Every  Fun 

Incode  IBMEL 

See  Figure 

1 

5 

Every  Run 

Main  Program 

See  Figure 

Varies 

6  and  7 

Every  Run 

Execute  Card 

See  Figure 

1 

8 

Every  Run 

Data  Card 

See  Figure 

1 

9 

Every  Run 

Limits  Card 

See  Figure 

1 

10 

Every  Run 

Flow  Factors 

7F  10.2 

1 

11 

Every  Run 

Access  Cards 

7F  7.2 

Equals  No.  of 

Minisystems 

12 

Every  Run 

Pipe  Cards 

10A  7. 

No.  of  Minisystems 

Divided  by  10 

13 

Every  Run 

Minisystems 

10A  5. 

No.  of  Minisystems 

Divided  by  10 

14 

Every  Run 

Network  Cards 

121  5. 

Equals  No.  of 

Minisystems 

15 

Every  Run 

MAICAP 

If  MAICAP  Equals 

11 

1 

16 

Every  Run 

Zero:  CAPCTY 
Subroutine  Input 
as  Follows: 

Diameter 

14F  5.1 

Equals  No.  of 

Chly  if 

Minisystems  Divided 

MAICAP  * 

by  14 

17 

0 

Roughness 

14F  5.3 

Equals  No.  of 

Chly  if 

Minisystems  Divided 

MAICAP  = 

by  14 

18 

0 

Slope 

12F  6.4 

Equals  No.  of 

Only  if 

Minisystems  Divided 

MAICAP  * 

by  12 

19 

0 

If  MAICAP  Equals 

Che:  Input 
Capacity  of 

Pipe  Segments 

6F  12.2 

Equals  No.  of 

Chly  if 

Minisystems  Divided 

MAICAP  * 

by  6 

20 

1 

NEWCAP 

ALTCAP  Subroutine 

11 

1 

20 

Every  Run 

Input  as 

Follows: 

NLMNEW 

15 

1 

20 

Chly  if 
NEWCAP  *  0 
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Card  Input 

Format 

Number  of  Cards 

Fiqure 

When  Used 

Diameter 

14F  5.1 

Equals  No.  of  Pipes 

Cnly  if 

With  Changed 

Capacity  Divided 
by  14 

21 

NEWCAP  =  0 

Roughness 

14F  5.3 

Equals  No.  of  Pipes 

Chly  if 

With  Changed 

Capacity  Divided 

By  14 

22 

NEWCAP  =  0 

Slope 

12F  6.4 

Equals  No.  of  Pipes 

Only  if 

With  Changed 

Capacity  Divided 

By  12 

23 

NEWCAP  =  0 

Original  Capacity 

6F  12.2 

Equals  No.  of  Pipes 

Chly  if 

with  Changed 

Capacity  Divided 

By  6 

24 

NEWCAP  «  0 

NLM 

15 

Che  Card  for  Each 

Cnly  if 

Minisystem  Having 
Changed  Capacity 

25 

NEWCAP  =  0 

INIM 

161  5 

Equals  Number  of 

Cnly  if 

Pipes  with  Changed 

NEWCAP  =  0 

Capacity  Divided 

By  16  26 


NWS LIP,  NWSLQP, 
NWDIAM 


31  5 


equals  Number  of 
Pipes  with  Changed 
Capacity 


27 


Cnly  if 
NEWCAP  *  0 
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3.0  ANALYSIS  OF  EXAMPLE  SANITARY  SEWER  SYSTEM 


To  assist  the  user  in  understanding  SANSEW,  a  hypothetical 
sanitary  sewer  system  has  been  constructed  and  is  illustrated  in 
Figure  28A.  This  example  system  will  be  referenced  throughout  the 
following  discussion. 

For  the  sake  of  simplicity  assume  flow  factors  as  follows: 


Landuse  Catagory 

Single-Family  Residential 
Multi-Family  Residential  - 
Low  Density 

Multi-Family  Residential  - 
High  Density 
Commercial  Low  Density 
Commercial  High  Density 
Industrial 
Institutional 


Flow  Factor  ( GPAD ) 

6,000 

15,000 

20,000 

6,000 

15,000 

6,000 

6,000 

the  following  computations 


Given  the  sanitary  sewer  system 
are  desired: 


a.  A  flow  projection  for  the  year  2000. 

b.  An  alternative  evaluation  to  relieve  deficient  pipe 
segments  projected  for  the  network  in  "a". 

3.1.  Example  Flow  Projection 

The  basic  mechanics  used  by  SANSEW  to  project  the  flow  from 
any  minisystem  involves  the  multiplication  of  the  input  flow  factors 
times  their  corresponding  acreage  values.  The  total  flow  then 
generated  within  a  specific  minisystem  is  the  summation  of  those 
values.  The  computer  stores  this  total  in  an  array  called  "TOTFLO" 
for  usage  later  in  the  program. 

The  sequence  in  which  the  TOTFLO  array  is  computed  is 
critical.  Every  input  data  parameter  during  the  flow  projection  must 
correspond  to  the  TOTFLO  sequence.  For  example,  when  the  acreage 
values  for  minisystem  Cl  are  entered  into  the  card  deck,  the  Cl 
acreage  card  must  be  the  6th  one  to  appear  since  Cl  bears  the  number 
”6"  in  the  numbering  sequence  for  the  system.  Similarly,  when  Cl 
appears  on  the  minisystem  input  card.  Cl  will  be  the  sixth  identifier. 
More  importantly,  the  sequence  in  which  the  TOTFLO  array  is 
established  has  a  direct  bearing  upon  how  the  accumulated  flow 
through  a  minisystem  will  be  calculated. 

Turning  to  the  problem  at  hand,  note  from  Figure  28A  that 
10  minisystems  are  included  in  the  hypothetical  system.  Normally, 
the  minisystem  names  and  pipe  nomenclature  will  already  have  been 


C41,  etc.  =  Minisystem  Names 
N1EEA1,  etc.  =  Pipe  Nomenclature 

0  =  Minisystem  Number  in  the  TOTFLO  Array 

- ►»  =  Direction  of  Flow 


FIGURE  28  -  HYPOTHETICAL  SANITARY  SEWER  SYSTEM  EXAMPLE  RUN  -  SANSEW 


40 


assigned  by  the  time  the  flow  projection  is  to  be  made.  The 
planner's  first  step  then  is  to  assign  sequential  numbers  to  the 
minisystems.  It  is  recommended  that  these  numbers  be  made  to 
correspond  to  the  direction  of  flow,  that  is,  as  the  flow 
accumulates  the  numbers  get  larger.  Note  that  in  the  example 
network  the  flow  is  from  left  to  right,  in  general.  Laterals 
flow  towards  the  major  trunk  line  NIEE-NIDD.  As  emphasized 
previously,  the  numbering  sequence  is  very  important  in  the 
accumulation  of  flow.  The  flow  from  the  various  segments 
through  a  particular  minisystem  is  stored  in  an  array  called 
"CUMNOD”  which  will  be  described  in  Section  3. 1.1. 3.1. 


3.1.1.  Data  Input 

3. 1.1.1.  Control  Cards 


If  the  control  cards  are  not  yet  done,  prepare  them  as 
shown  in  Figures  1  through  5,  8  through  10,  and  28  through  29. 
Insert  cards  1  through  5  at  the  beginning  of  the  main  program 
deck  and  the  remainder,  in  order,  at  the  end  of  the  deck. 


3. 1.1. 2.  Main  Program  Cards 


The  following  cards  must  be  added  (Figure  29). 

1.  Dimension  cards  for  arrays  that  are  used  in  the 
program: 


Array  Name 


(Dimension ) 


Figure 


CUMNOD 

(12) 

29 

INUM 

(10) 

29 

FLO 

(7) 

29 

ACRES 

(7,10) 

29 

PROFLO 

(7,10) 

29 

TOTFLO 

(ID 

29 

PIPE 

(10) 

29 

CAP 

(10) 

29 

CUMPIP 

(10) 

29 

DIFFLO 

(10) 

29 

MINSYS 

(10) 

29 

DEFICT 

(10) 

29 

MINDEF 

(10) 

29 

PIPDEF 

(10) 

29 

REVCAP 

(10) 

29 

RELIEF 

(10) 

29 

Note  that  the  arrays  CUMNOD  and  TOTFLO  are  dimensioned 
slightly  higher  than  the  number  of  minisystems  in  the 
network.  At  least  one  element  in  each  of  CUMNOD  and 
TOTFLO  must  be  reserved  for  a  zero  value.  Main 
program  dimension  cards  appear  at  the  front  of  the 
program.  See  program  listing.  Appendix  A. 
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2.  Add  "zero"  cards.  TOTFLO  (11)  =  0.00  and  CUMNOD  (12) 
=  0.00.  Note  in  Appendix  A  where  these  cards  go. 

3.  There  are  5  "Do"  loops  in  the  main  program  for  which 
the  indices  must  be  provided.  For  the  flow  pro¬ 
jection,  these  indices  must  correspond  to  the  number 
of  minisystems  under  evaluation.  "Co"  loops  are 
located  at  cards  17,  25,  33,  55,  and  81. 

4.  Card  46  reads  as  shown  in  Figure  29.  The  number  to 
the  right  of  "L.T."  must  equal  the  number  of  mini¬ 
systems  . 

5.  Cards  63  and  65  are  adjusted  to  reflect  the  year  in 
which  the  flow  projection  is  to  be  made.  For  pur¬ 
poses  of  this  example  assume  the  year  2000. 

3. 1.1. 3.  Data  to  be  Entered 

After  the  intermediate  control  cards  mentioned  in 
Section  3. 1.1.1.  above,  the  data  cards  in  the  order  described  in 
previous  sections  can  be  prepared.  See  the  coding  sheets  - 
Figures  30  through  36  for  examples,  the  network  input  will  be 
explained  in  detail  below. 

3. 1.1. 3.1.  Network  Flow  Accumulation  Cards 

The  network  cards  allow  for  flow  to  be  accumulated 
throughout  the  sanitary  sewer  system.  Also,  the  planner  can  use 
the  network  cards  to  split  flow  and  for  analysis  of  non-parallel 
relief  systems. 

The  network  cards  work  as  follows.  Each  minisystem 
has  one  such  card  on  which  are  specified  in  order  1)  the  card 
number,  ISN,  2)  the  CUMPIP  array  number,  IN,  3)  the  CUMNOD  array 
number,  NF,  4)  up  to  six  TOTFLC  elements  which  are  upstream  from 
the  minisystem  in  question,  and  5)  up  to  three  codes  which  are 
upstream  from  the  minisystem. 

Before  the  network  accumulation  begins,  the  total 
projected  flow  through  each  mi.nisystem  has  already  been  computed. 

The  CUMPIP  array  is  established  as  follows: 

CUMPIP ( IN )  =  TOTFLO  (NPIPE1)  +  TOTFLO  (NPIPE2)  + 

TOTFLO  (NPIPE3 )  +  TOTFLO  (NPIPE4 )  + 

TOTFLO  { NPIPE5 )  +  TOTFLC  ( NPIPE6 ) 

(Equation  1) 

The  "NPIPE"  numbers  of  Equation  1  are  input  on  the 
network  cards.  In  this  way,  the  planner  can  have  the  computer 
sum  the  flow  from  up  to  6  minisystems.  Unfortunately,  most  flow 
networks  contain  minisystems  with  more  than  six  upstream  pipe 
segments.  To  handle  this  situation  the  CUMNOD  array  stores  the 
accumulated  flow  for  each  minisystem  as  follows: 


FIGURE  30  -  FLOW  FACTOR  INPUT.  FORMAT  7F10 


FIGURE  33  -  PIPE  INPUT  -  NOMENCLATURE .  FORMAT  10A7 


FIGURE  36  -  CAPACITY  INPUT  IF  MA 
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CUMNOD  <NF)  »  CUMPIP(IN)  +  CUMNOD( NODNC1 )  + 

CUMNOD  (N0DN02 )  +  CUMNOD  (N0DN03) 

(Equation  2) 

The  "NODNO"  numbers  1  through  3  are  input  on  the  net¬ 
work  cards.  In  this  way  the  accumulated  flow  of  up  to  three 
upstream  nodes  can  be  totaled  through  a  given  element. 

The  inclusion  of  a  "zero"  TOTFLO  element  and  a  "zero" 
CUMNOD  element  allows  for  the  case  in  which  a  minisystem  does  not 
have  as  many  as  six  upstream  pipe  segments  or  three  upstream 
nodes.  The  zero  array  numbers  were  discussed  earlier  in  this 
section  -  TOTFLO  (11)  =  0.00  and  CUMNOD  (12)  =  0.00.  Use  of 
TOTFLO  (11)  and  CUMNOD  (12)  is  illustrated  below. 

With  the  above  explanation  in  mind,  the  network  cards 
for  the  example  system  will  be  completed.  Refer  to  Figure  34. 

The  first  card  is  the  input  for  minisystem  C2.  C2  will  be  the 
first  pipe  segment  to  have  flow  stored  in  both  the  CUMPIP  array 
and  the  CUMNOD  array.  Hence,  IS,  IN,  and  NF  all  equal  1. 

Since  the  only  minisystem  contributing  flow  to  C2  is  C2,  NPIPE1 
equals  1  and  is  so  coded  on  Figure  34.  Note  that  1  is  Cl's 
TCTFLO  array  element  number.  NPIPE's  2  through  6  are  entered  as 
11  to  indicate  zero  additional  flow.  NOD  NO.l  through  3  are  shown 
as  12,  since  no  upstream  nodal  flows  pass  through  C2.  Similarly, 
the  network  cards  are  created  for  minisystems  C15  and  C41.  For  C16 
flow  from  C2  and  C15  must  be  added  to  the  sewage  generated  by  C16 
alone.  Accordingly,  in  Figure  34  a  "1"  and  a  "2"  are  entered  as 
NCDNOl  and  NODN02,  respectively.  A  perfectly  acceptable 
alternative  method  for  flow  accumulation  here  would  be  to  enter 
a  "1"  and  a  "2"  under  NPIPE2  and  NPIPE3,  respectively  and  to 
change  the  values  for  each  of  NODNOl  and  N0DNO2  to  12.  For 
C18  only  NPIPE1  and  NODNOl  are  needed  entries  to  establish 
all  the  flow  through  the  minisystem.  NPIPE1  equals  9,  which 
tells  the  computer  to  add  the  flow  contribution  from  C18. 

NODNOl  is  8  which  is  CUMNOD(8)  which  in  turn  contains  the  flows 
from  Cl,  C3,  and  C4. 

The  preparation  of  the  network  cards  is  the  most 
important  step  in  preparing  the  input  data  to  the  computer.  The 
method  is  simple  and  very  flexible;  but,  the  planner  must  remember 
the  following: 

1.  He  is  just  entering  numbers  that  will  be  used  to 
develop  the  flow  summations  of  Equations  1  and  2. 

2.  The  numbering  sequence  previously  used  to  order 
data  becomes  especially  important  during  the  network 
formulation.  The  planner  must  know  which  TCTFLO 
element  number  contains  the  flow  for  each  minisystem. 
Also,  numbers  entered  on  the  cards  must  represent 
flow  calculations  that  the  computer  has  already 
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performed.  For  example,  all  the  flows  from 
individual  minisystems  have  been  computed  and  stored 
in  the  TOTFLO  array  before  the  flow  accumulation 
begins.  Accordingly,  any  NPIPE  number  from  the  system 
can  be  used.  On  the  other  hand,  the  CUMNOD  array 
values  are  not  determined  until  the  network  cal¬ 
culations  are  done.  Only  CUMNOD  numbers  that  have 
been  previously  calculated  can  therefore  be  used  on 
the  flow  cards.  To  illustrate,  supposing  the  planner 
had  intended  to  accumulate  the  flows  from  Cl,  C3, 
and  C4  as  CUMNOD  (10)  instead  of  CUMNOD  (8).  But 
C18  which  is  number  9  in  the  accumulation  still  must 
carry  Cl,  C3,  and  C4.  If  the  planner  attempts  to 
add  CUMNOD  (10),  the  element  that  now  contains  Cl,  C3, 
and  C4,  by  using  NODNOl  *  10  he  will  not  accumulate 
the  flow  from  Cl,  C3,  and  C4.  CUMNOD  (10)  has  not 
yet  been  calculated.  A  zero  is  stored  in  each  CUMNOD 
element  until  it  is  computed.  A  simple  way  to  avoid 
the  above  problem  is  to  always  ensure  that  the 
NODNO's  used  are  lower  than  or  equal  to  the  ISN 
numbers.  If  the  flow  is  accumulated  in  sequence 
(1,  2,  3  etc.  as  in  the  example  section),  then  the 
engineer  is  assured  that  any  NCDNC  he  uses  will 
have  already  been  computed. 

3. 1.1. 3. 2.  Capacity  Input 

Two  computer  runs  of  the  example  system  will  be  made. 

One  run  will  have  the  capacity  figures  entered;  the  second  will  have 
the  capacity  calculated.  Note  that  MALCAP  equals  "1"  in  the  first 
case,  "0"  in  the  second.  Data  cards  for  each  run  are  Figures  35  and 
36. 


For  the  input  capacity  numbers  of  Figure  35,  the 
following  capacities  were  used; 


TOTFLO  # 

Minisystem 

Capacity 

1 

C2 

860,000 

2 

Cl  5 

680,000 

3 

C41 

1,430,000 

4 

Cl  6 

1,600,000 

5 

C17 

3,250,000 

6 

Cl 

860,000 

7 

C3 

1,310,000 

8 

C4 

1,800,000 

9 

C18 

5,100,000 

10 

C4  2 

1,310,000 

(Gallons 


Per  Day) 


For  the  computer  run  when  MALCAP  =  0  the  following 
input  data  was  used; 
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TOTFLO  # 

Minisystem 

Diameter 

Roughness 

Slope 

1 

C2 

12 

.013 

.001 

2 

Cl  5 

12 

.013 

.001 

3 

C41 

15 

.013 

.001 

4 

C16 

15 

.013 

.001 

5 

C17 

24 

.013 

.001 

6 

Cl 

12 

.013 

.001 

7 

C3 

15 

.013 

.001 

8 

C4 

18 

.013 

.001 

9 

C18 

24 

.013 

.001 

10 

C42 

15 

.013 

.001 

NEWCAP 

For  the 

flow  projection 

NEWCAP  = 

1.  ALTCAP, 

NUM , 

INUM,  and  NWSLIP,  NWSLOP,  NWDIAM  inputs  are  not  needed. 
3.1.2.  Flow  Projection  Output 


Flow  projection  output  for  each  of  the  two  runs  is 
given  as  Appendix  B  for  the  case  of  input  capacity  and  Appendix  C 
for  the  case  of  computed  capacity.  The  two  runs  create  different 
results  because  the  slope  values  for  Appendix  C's  output  were  all 
assumed  to  be  .001  for  the  sake  of  simplicity. 

Note  that  the  program  creates  a  listing  of  deficient 
pipe  segments  that  gives  the  minisystem,  pipe  nomenclature, 
deficiency  amount,  and  minimum  parallel  line  relief  size  required 
tc  handle  the  excess  flow.  The  relief  line  is  designed  assuming 
construction  at  standard  grade  in  accordance  with  the  City  of 
Houston  regulations. 

3.2.  Alternative  Evaluation 


Using  the  flow  projection  of  Appendix  B  this  Section 
will  illustrate  an  alternative  scheme  to  relieve  excess  flow  in  the 
example  network. 

3.2.1.  Non-Parallel  Relief  Input 

The  sewer  line  for  minisystem  C17  (See  Appendix  E)  is 
deficient  by  4,299,060  gallons  per  day.  To  relieve  some  of  this 
flow  a  non-parallel  relief  line,  shown  dashed  on  Figure  37,  is 
proposed.  In  order  to  evaluate  nonparallel  lines  a  "dummy"  mini¬ 
system  must  be  created.  This  dummy  will  carry  the  sewage  from 
C2  and  C15  to  node  NIDD,  thus  reducing  the  flow  through  C17. 

Certain  adjustments  to  the  program  are  required  for  this  scheme. 

First  of  all,  the  main  program  statements  on  Figure  29 
must  be  changed.  Also,  the  input  of  Figures  31  through  35  must  be 
expanded  to  include  the  new  pipe  segment.  The  changes  necessary 
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are  shown  in  Figures  38  through  43.  Note  the  added  main  program 
statement  that  defines  the  TOTFLO  for  the  non-parallel  line.  This 
number  can  either  be  hand  calculated  and  added  to  the  program  as 
shown  or  computer  calculated.  Since  a  given  alternative  will 
probably  only  by  evaluated  once,  time  can  sometimes  be  saved 
by  hand  calculating  the  flow  through  the  new  sewer  pipe  as 
demonstrated  here: 

TOTFLO  (11)  =  687,320  +  1,450,060 

TOTFLO  (1)  TOTFLO  (2) 

=  2,137,380 

Now  when  the  network  cards  are  prepared  the  non-parallel  relief 
line  will  carry  2,137,380  gallons  per  day. 

Another  way  to  handle  the  relief  pipe  would  be  to 
set  TOTFLO  (11)  =  TOTFLO  (1)  +  TOTFLO  (2).  This  approach  has 
the  same  affect  as  the  hand  calculation  above. 

An  18-inch  line  having  a  capacity  of  2,352,000  gallons 
per  day  is  proposed.  The  capacity  value  could  have  been  cal¬ 
culated  by  the  computer  as  was  done  for  the  flow  projection  of 
Appendix  C. 


The  network  must  also  be  revised.  Refer  to  Figure  42. 
The  eleventh  minisystem,  that  is,  the  relief  line,  now  carries 
C2  and  C15  while  C16  does  not. 

3.2.2.  Parallel  Relief  Input 

The  non-parallel  line  discussed  in  Section  3.2.1.  will 
not  completely  relieve  the  flow  through  C17.  2,161,680  gallons 

per  day  will  be  relieved  via  parallel  lines.  An  18-inch  line 
will  be  tried  to  illustrate  use  of  the  ALTCAP  subroutine. 

Relief  for  minisystems  C15,  C41,  C3  and  C4  will  be  by 
parallel  line  as  discussed  in  Section  3. 2. 2. 2.  below.  By 
inspection  C16's  deficiency  is  relieved  by  the  non-parallel  sewer 
line . 


3. 2. 2.1.  ALTCAP  Input  for  Minisystem  C17 

Figure  44  depicts  the  input  required  to  use  ALTCAP. 
First  of  all,  the  dimension  statements  in  the  subroutine  must  be 
adjusted.  Since  only  one  pipe  capacity  will  be  changed  using 
ALTCAP,  the  dimension  of  each  array  in  the  subroutine  is  "1". 
Format  and  explanation  of  each  remaining  input  on  Figure  44  have 
already  been  discussed. 


f 


FI  C.URT 


62 


3. 2. 2. 2.  Parallel  Relief  for  Minisystem  C15,  C41,  C3,  and  C4 

The  parallel  relief  lines  for  these  minisystems  will 
be  as  recommended  in  Column  4  of  the  output  as  follows: 

Minisystem  Parallel  Relief  Line  (In.) 

Cl  5  12 

C14  15 

C3  12 

C4  18 

These  line  sizes  are  developed  using  Manning's  equation  with  n 
equal  .013  and  slope  equal  standard  grade  as  specified  by  the 
City  of  Houston  regulations  governing  the  construction  of  main 
and  lateral  sanitary  sewers. 

3. 2. 3.  Comments  on  Alternative  Imput 

The  input  data  required  for  non-parallel  relief  lines 
and  for  use  of  ALTCAP  can  be  rather  extensive  for  more  complex 
systems.  However,  the  effort  is  necessary  in  order  to  see  the 
downstream  results  of  such  alternatives.  The  ALTCAP  subroutine 
for  parallel  pipes  should  only  be  used  when  the  Manning  number 
does  not  equal  .013  or  when  the  standard  grade  slope  will  not  be 
used,  since  the  program  automatically  designs  parallel  lines  to 
relieve  excess  flow. 

3.2.4.  Results  of  Alternative  Evaluation 

Appendix  D  gives  the  results  of  the  alternative 
process.  C15,  C41,  C3,  and  C4  are  shown  as  being  deficient; 
however,  as  noted  above  these  lines  will  be  relieved  using  the 
parallel  line  size  recommended  on  the  output.  No  other  minisystems 
are  shown  as  having  excess  flow  indicating  that  the  relief  scheme 
developed  in  this  section  would  be  satisfactory. 


4.0 


SPECIAL  CASE  OF  SPLIT  FLOWS 


Occasionally,  it  is  necessary  to  split  flows  within 
the  network  as  might  be  the  case  at  a  pumping  station.  In  order 
to  split  flows  additional  TOTFLO  elements  are  added  to  the  network 
as  will  be  demonstrated  in  the  example  below. 

Refer  to  Figure  45.  In  this  system,  the  flow  is  to  be 
split  at  point  NIB  before  entering  minisystems  A2  and  A3.  For 
purposes  of  this  example,  also  assume  90  percent  of  the  flow  goes 
to  NlD  and  10  percent  goes  to  NIC.  Finally,  assume  that  the 
accumulated  flow  for  A1  is  stored  in  CUMNOD  (1).  At  this  point 
the  planner  creates  three  additional  FORTRAN  statements  for  entry 
into  the  main  program  as  follows  (See  Figure  46  for  coding): 

CUMNOD  (1)  *  TOTFLO  (1) 

TOTFLO  (4)  =  -(.1  *  CUMNOD  (1)) 

TOTFLO  (5)  *  -(.9  *  CUMNOD  (1)) 

These  statements  appear  after  statement  number  39. 

Since  TOTFLO 's  (4)  and  (5)  are  functions  of  CUMNOD  (1),  CUMNOD  (1) 
must  be  defined  as  a  separate  FORTRAN  statement  before  values  can 
be  assigned  to  TOTFLO' s  (4)  and  (5). 

For  this  example,  TOTFLO  (6)  *  0.00  and  CUMNOD  (4)  = 
0.00.  Now  in  order  to  split  the  flow,  the  network  flow  accumulation 
cards  for  the  system  are  prepared  as  shown  in  Figure  47.  Recalling 
equations  (1)  and  (2)  of  Section  3,  the  planner  should  readily  see 
that  the  flow  would  be  split  as  desired. 
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5.0  USING  SANSEW  TO  DESIGN  NEW  SEWER  SYSTEMS 


SANSEW  can  be  used  to  design  new  sanitary  sewer 
systems.  Although  no  example  of  a  design  will  be  given  in  this 
manual  the  method  would  be  as  follows: 

1.  Layout  the  proposed  network  for  the  area  for 
which  the  system  is  desired. 

2.  Establish  minisystem  boundaries. 

3.  Obtain  areas  by  category  of  land  use  within  each 
minisystem. 

4.  Decide  upon  flow  factors. 

5.  Run  SANSEW  with  zero  capacity  shown  for  each 
minisystem. 

The  output  listing  of  pertinent  pipes  would  show  every  minisystem 
with  excess  flow;  but,  the  fourth  column  under  "MIN  RELIEF  SIZE 
(IN)"  would  indicate  the  size  pipe  needed  to  handle  the  flow. 
These  pipes  constitute  a  preliminary  design  for  the  sewer  system. 
In  the  event  that  standard  grade  would  not  be  used  or  that  the 
Manning  number  would  differ  from  .013  the  design  might  have  to 
be  altered  somewhat  and  the  program  re-run. 
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